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NEW COMPOUNDS 
TECHNICAL FIELD 

Tb. present invention re.*- to nove, compounds, and pharmaceu.ica.ly acceptable saUs 

thus can be used in the prevention and treatment o, diseases whem.n ,nh.b.,.on of 
^p t idaseUis b e„e fi cia 1 . I n«he r aspec B , I He — relates to com^* of 
TJZn for use in therapy; .0 process for preparation of such ne» confounds 

pharmaceutical* accept sal, thereof, as active ingredient; and to the « o«he -euve 
Impounds in the manufacture of medicaments for me medical use tnd.ca.ed above. 

BACKGROUND ART 



is 



20 



25 



fibrin by piasmin. The acuvation of piasminogen is the centra, process ■» flbnn ys.s. Th 

, . c o^n^rates carboxy-ternunal lysine 
activator (u-PA). Initial plasmin degradation of fibrin generates car 

bound to fibrin is much more readily activated to plasmin than free plasmmogen thrs 
mechanism provides a positive feedback regulation of fibrinolysts. 

One of the endogenous inhibitors to fibrinolysis is ca^ypeptidase U <CPU>. « » - 

^Fla, carboxypeptidase R and inducable carboxypeptidase activity. CPU . formed 
(TAFIa), carooxypep proteolyttc 
during coaguUtion and fibrinolysis from its precursor proCPU b the ac 
enzymes .... thrombin, thrombm-tombomoduUn com P .ex or plasmm. CPU cleaves b 
mino acids a, the carboxy-termina, of fibrin fragment, The loss of carboxy— 
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lysines and thereby of lysine binding sites for plasminogen then serves to inhibit 
fibrinolysis. 

By inhibiting the loss of lysine binding sites for plasminogen and thus increase the rate of 
5 plasmin formation, effective inhibitors of carboxypeptidase U would be expected to 
facilitate fibrinolysis. 

2-mercaptomethyl-3-guanidinoethylthiopropanoic acid is reported as a carboxypeptidase N 
inhibitor. More recently, this compound has been shown to inhibit CPU, Hendriks, D. et 
10 a/., Biochimica et Biophysica Acta, 1034 (1990) 86-92. 

Guanidinoethylmercaptosuccinic acid is reported as a carboxypeptidase N inhibitor. More 
recently, this compound has been shown to inhibit CPU, Eaton, D. L., et ai t The Journal of 
Biological Chemistry, 266 (1991) 21833-21838. 

15 

DISCLOSURE OF THE INVENTION 



It has surprisingly been found that compounds of the Formula I are particularly effective as 
inhibitors of carboxypeptidase U and thereby useful as medicaments for the treatment or 
20 profylaxis of conditions wherein inhibition of carboxypeptidase U is beneficial. 

In one aspect, the invention thus relates to compounds of the general Formula I, 



6 



Rr-Het-R. 
5 I 1 

X \y^ (I) 
R 4 



25 

or a pharmaceutical^ acceptable salt thereof, wherein 
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R, represents H, OH, halogen, Q-Q alkyl, Q-C 6 alkylaryl, C r C 6 alkoxy, cyano, NO,., 

SH och N(R 8 ) 2 , or CO-Q-C6 alkyl, 

R 2 represents H, OH, halogen, or Q-C6 alkyl, 

R 3 represents COOR 7 , SO(OR 7 ), SO3R7, P=0(OR 7 ) 2 , B(OR 7 ) 2 , P=OR 7 (OR 7 ), tetrazole 

or any carboxylic acid isostere, 

R4 represents SH, S-CO- C r C 6 alkyl, S-CO-alkylaryl or S-CO-aryl, 

R 5 represents H, OH, halogen, Cl -C 6 alkyl, C,-C 6 alkylaryl, Q-Q, alkoxy, cyano, NQz, 

SH och N(R 8 ) 2 , or CO-C\-C 6 alkyl, 

R6 represents H, OH, halogen, Cl -C 6 alkyl, C,-C6 alkylaryl, Cl -C 6 alkoxy, cyano, NO,, 

SH och N(R 8 ) 2 . or CO-C!-C 6 alkyl, 

R 7 represents H, or Q-Q, alkyl, C,-C6 alkylaryl, or aryl, 

R 8 represents H or Ci-C 6 alkyl, 

X represents O, S, C(Zh. N(Z), NRsCO or CONR 8 , 

Y represents CH2, or CH(Z), 

Z represents H, Cj-Ce alkyl, aryl or C V C 6 alkylaryl, and 

Het represents a 4-, 5-, or 6-membered aromatic or alifatic heterocyclic group containing at 
least one nitrogen, oxygen or sulphur atom or a 4-, 5-, or 6-membered aromatic or alifatic 
carbocyclic group. 

0 Preferred compounds according to the present invention are those of formula I, or a 
pharmaceutical^ accepteble salt thereof, wherein 

R, represents H, OH, NH 2 , cyano, NO*, SH, halogen, Q-Q alkyl, or C.-Q alkoxy 

R 2 represents H, OH, halogen, or Ci-C 6 alkyl, 

R3 represents COOR7, 
* R* represents SH, S-CO-C.-Q alkyl, S-CO-alkylaryl or S-CO-aryl, 

R S represents H, OH. NH 2 , cyano, NO* SH. halogen, C,-C 6 alkyl, or C.-Q alkoxy, 

R6 represents H, OH. NH 2 , cyano, NO,, SH, halogen, Q-Q alkyl, or C.-Ca alkoxy, 

R 7 represents H, C,-C 6 alkyl, C.-C6 alkylaryl or aryl, 

X represents O, S, C{Zh, N(Z), CONH or NHCO, 
30 Y represents CH 2 or CH(Z), 
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Z represents H, C,-C 6 alkyl or C,-C 6 alkylaryl, and 

Het represents a 4-, 5- or 6-membered aromatic or alifatic heterocyclic group containing at 
least one nitrogen, oxygen or sulfur atom or a 4-, 5- or 6-membered aromatic or alifatic 
carbocyclic group. 

5 

More preferred compounds according to the present invention are those of formula I, or a 

pharmaceutical^ accepteble salt thereof, wherein 

R, represents H, OH, NH 2 , halogen, C,-C 6 alkyl, or G-G, alkoxy, 

R 2 represents H, OH, halogen, or G-C 6 alkyl, 
io R3 represents COOR7, 

R4 represents SH, S-CO-G-G. alkyl, S-CO-alkylaryl or S-CO-aryl, 

R S represents H, OH, NH 2 , halogen, C,-Cs alkyl, or C.-Ce alkoxy, 

R6 represents H, OH, NH 2 , halogen, G-G> alkyl, or G-G. alkoxy, 

R 7 represents H, C,-C 6 alkyl, G-G alkylaryl or aryl, 
15 X represents 0,S,CH 2 or NH, 

Y represents CH2, and 

Het represents a 4-, 5- or 6-membered aromatic or alifatic heterocyclic group containing at 
least one nitrogen atom or a 4-, 5- or 6-membered aromatic or alifatic carbocyclic group. 
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Even more preferred compounds according to the present invention are those of formula I, 
or a pharmaceutically accepteble salt thereof, wherein 
R, represents H, NH 2 , halogen, or G-C 6 alkyl, 
R 2 represents H, or C,-C 6 alkyl, 
R 3 represents COOR7, 
a R4 represents SH, or S-CO-G-G; alkyl, 

R 5 represents H, NH 2 , halogen, or G-G alkyl, 
R$ represents H, NH 2 , halogen, or G-G> alkyl, 
R 7 represents H, or G-Q alkyl, 
X represents CH 2 , 
30 Y represents CH 2 . and 



5 



least one nitrogen atom or a 4-, 5- or o 

pharmaceutical* accepteble salt thereof, wherem 
Rl represents H, NH 2 , halogen, or C.-C alkyl. 
R 2 represents H, or C-Qalkyl, 

R 3 represents COOR7> 
R4 represents SH, or S-CO-Ct-C« alkyl, 
Rs represents H, NH 2 , halogen, or Q-C alkyl, 
represents H, NH 2 , halogen, or C.-Ce alkyl, 
R 7 represents H, or C-C6 alkyl, 

X represents CH2, 
Y represents CH2. and 
l5 Het represents pyridyl or piperidinyl. 

^ u»h substituted or unsubstituted alkyl 
The term "C^ -W « « * ~ " 

to methyl, «■*!. * 0 - i,r ° 1 ' 1 "' """^ 

branched-chain penfyl and hexyl. 

„„ o alkyl therein alkyl to « defined aboVe - 
The term "CrC alkoxy" denotes a group O-alkyl. 

Hematic or aUfatic heterocyclic group containing at leas. 
The term "4-, 5-, or 6-m.mbered aromattc or ^ ^ 

UM „ bs Un»ed azeddine. furan. thiopnene. pyrro . W ^ ^ole. 
OM ,hi„.ane, oxazolane. oxazole, thiazole, .n»dazo> . .n» 
» p> ,a,o.ine,pyra,olidine.isoxaz„.e.iso,hia,ole,oxad.a,o.e. 
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UL, pyn-ne, pyra*ne, pip-ine, — • «— ^ - 

, -pyndy." and -piperidinyl" shall for example by understock . include the 2, 3, and 4- 

isomers. 

limited to substituted or unsubstituted phenyl, cyclobutyl, cyclopentyl, cyclohexyl, 
. cy c,obutenyl.cyc«^^ 

The term "halogen" includes fluoro, chloro, brotno and iodo groups. 

The term "aryl" denotes a substituted o, unsubstituted C 6 -C,4 aromatic hydrocarbon and 
„ includes, but ,s no, lifted * benzene, naphtalene, indene, antracene. tenants, and 

fluorene 

^ve which ,s substituted by on. o, more «* allcoxy, halogen, amino, thto., ntrro. 

20 hydroxy, acyl or cyano groups. 

Abbreviations 

Ac = acetate 
aq = aqueous 

AIBN = a,a'-azoisobutyronitrile 
25 Bn = benzyl 
Bu = butyl 
Bz = benzoyl 

DCC = dicyclohexylcarbodiimide 
DIAD = diisopropyl azodicarboxylate 
30 DIPEA = diisopropylethylamine 
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DMAP 
DME 

' DMF = dimethylformamide . \/^^ r 'i^'^ 

DMSO = dimethylsulfbxide ^ ■ u 

EDC 
Et 

EtO Ac = ethyl acetate 
EtOH = ethanol 
h = h 

HO Ac = acetic acid 
HOBt = 1 -hydroxybenzotriazol 
HPLC = high performance liquid chromatography 
KHMDS = potassium bis(trimethylsilyl)amide 
LDA = lithium diisopropylamide ; 
Me = methyl .• --y-.y 

MeOH = methanol 
•. min = minutes f : ■ ^ \ ;" v y' 

PMB = 4-methoxybenzyl 

Ph = phenyl 

Pr = propyl 





PyBOP . (benzotriazol-l-yloxy)tripyrrolidinophosphonium hexafluorophosphate 
TEA = trietylamine • ■•' 

TFA = trifluoroacetic acid _ . - . j \- ' k^WSmm®^ 

Both the pure enantiomers, racemic '^^i^^^^'M^^M 



: THF = tetrahydrofuran 
25 ^ Tos = toluene-4-sulfonyl 



si 



life 



general formula VI 

Rs—Het-R, 

¥ VI 

X 

standard conditions. 

j ^ftheeeneral formula Vll 
treating compounds of the gene 

vn 

(MeO) 2 OP J 

formula ID 

» ^ III 

h LDAorNaH^nderstandardconditionsto 
comp oundsofthe g ener,fonnulaVni 

20 
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Rg-HetRj 
X 

(MeO^OP^^ 



VUI 



5 



stan dard conditions to give a compound of the general formula VI. 

, formula VI can be further reacted with compounds of the 
d) Compounds of the general formula VI can 

general formula K 



SH DC 
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k « Ac Bz PMB or Bn, alone or in the 
wherein Rs is a suitable ^^^^^^^^^^q ^ r triethylamine or alternatively in the 
presence of a suitable base, such as NaOMe^ > ^ ^ 

presence of a free-radicaA initiator, such as AffiN under ^ „ ^ 

„ compounds of the general formula I. wherein R„ «* *>• «* 
for Formula 1 and Ri is H. R 3 is COOR„ and X is CH 2 . 



Process B 

, jv;crH-> R* is COOR7, and X is O, 
defined in formula I and Y is CH 2 , *3 



20 



R 5 ,R 6 ,R7.andHet,areas 
S. CH 2 , NH or N(Z), comprises the following steps 



a) Reacting a 



compound of the general formula X, 



f 1 X 

r- Het-X-H * 

6 \ 

wherein RuR**©' 

tn f the eeneral formula XI, 
an alkylating agent of the gc 

, re agents,suchasNaH,Ag,C03,orB * 
formula XH, 

R-Het-Rj 




xn 



o 



cte d with carbon dioxide in 



acoi 
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xni 



(c) Compounds of the general formula XIH can thereafter be reacted with CICOOMe in the 
presence of a base, such as triethylamine, and thereafter reducing the formed mixed 
anhydride with a suitable reducing agent, such as NaBH*, under standard conditions, to 
give a compound of the general formula XIV 



I 6 

R— Het— R, 



x *2 Q XIV 



(d) Compounds of the general formula XIV may thereafter be reacted with a compound of 
the general formula IX 



r/ sh k 



wherein Rg is a suitable protecting group, such as Ac or Bz, in the presence of a suitable 
reagent, such as PPhyDIAD, under standard conditions to give compounds of the general 
formula I. wherein R r R 7 and Hetare as defined above and Y is CH 2 and X is O, S, CH 2 , 



NH or N(Z). 



Process C 
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Process C for manufacture of compounds with the general Formula I. wherein Ri, R 2 . R* 
R 5 , R 6 , R 7 , Y and Het, are as defined above and R 3 is COOR 7 and X is NHCO, comprises 
the following steps: 

a) Reacting a compound of the general formula XV, 



XV 



wherein R 2 , R7, and Y are as defined for Formula I with a compound of the general formula 
XVI, 

R.HetCOOH XVI 
I 

R 6 



wherein R,, R 5 , Re and Het are as defined for Formula I in the presence of suitable 
coupling reagents, such as PyBOP/DIPEA, DCC/HOBt or EDC/TEA/DMAP under 
,5 standard conditions to give compounds of the general formula I, wherein R,, R 2 , R4. R* 
R6, R 7 , and Het, are as defined above and R 3 is COOR7, Y is CH 2 and X is NHCO. 

It will be appreciated by those skilled in the art that in the processes described above the 
functional groups of intermediate compounds may need to be protected by suitable 
20 protecting groups. 

Functional groups which it is desirable to protect include hydroxy, amino, mercapto and 
carboxylic acid. Suitable protecting groups for hydroxy include trialkylsilyl or 
diarylalkylsilyl (e.g. t-butyldimethylsilyl, t-butyldiphenylsilyl or trimethylsilyl), 
25 tetrahydropyranyl and benzyl. Suitable protecting groups for amino include t- 
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i i- vlnxvcarbonyl Suitable protecting groups for mercapto include 
include C!. 6 alkyl or benzyl esters. 

those skilled in the alt and as described hereinafter. 

Certain protect delves of compounds of formula !, »hich may he made prior to a 
final deprotection stage to form compounds of formula I, are novel. 

° k.Hi„ -Protective Groups in Organic Synthesis'. 2nd 

^e use of protecUng groups rs descnbed . Protect, P 
edition. T.W. Greene * P G M. Wuo. Wi.ey-Intersc.enc* ( 1991> Th P 
rnayaisobeapolymer resin such as Wang resin or a 2-chorotnty. chlor.de restn. 

,, , te aooreci W dbymoseslci.ledinthear,.al,houghsuchpro«c«dderivaUvesof 

20 within the scope of the invention. 

solves of the compounds of the present invent™ are wthtn a. scop. 
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Pharmaceutical formulations 



.yetafunheraspec,.. — — ^ 

,eas, one compound of the present invenuon. or a pharmaceutical!. 



as active ingredient. 



30 
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j ftf the inven tion are formulated into pharmaceutical 
ForclinicaluscthecompoundsofthemventiO 



weight of the preparation. 



10 
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invention the compound selected may , ct ; n cc iiulose derivatives, gelatin, 

or another suitable ingredient, as well as po i ye thylene 
glycol waxes. The mixture may then be pmcBsed 

eo^o.eo^of.he — vege^oU.ra^ 

s^h.eoms^h.a.y.opecUn.ceHu.osedenva.ive.orgeUu.e. 
, „hieheonmntt«aenvesub S .a n e. m .xed«.U»»n«»« 

ready-made micro enema; or (iv) m the form of a dry rm 
reconsdtuted in a snitabie soWemius. prior to adminiaraaon. 



30 
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pensions ~g * «j giyceroi propylene glycol ^ 

thickening agents. Liquid preparations may also be prepared m the form „ dry 
be reconstituted with a suitable solvent pnor to use. 

mention in a pharmaceutical acceptable solvent. These 
administration ma, also be prepared as a dr, prepaxauon to by reconsutu 



solvent before use. 



on various factors such as tor ex«u F rinsaees W U1 be in the 

of administration and the disease. !n general, oral and parenteral dosages 
range of 0. 1 to 1000 mg per day of active substance. 



20 
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Medical and pharmaceutical use 

ds of the invention are inhibitors of carboxylase U either as such or, in 
The compounds of the invention ar inven tion are thus 

the case of prodrugs, after administration. The compounds of the mventio 

beneficial, such as in the treatment or prophylaxis of throm 
blood and tissues of mammals, including man. 

abated w«h hypercoaguUbiUt, and ^^^^J^ BI , protein 
include protein C resistance and inherited or aqutred deflcences 
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C protein S and heparin cofactor II. Other conditions known to be associated with 
hypercoagulability and thromboembolic disease include circulatory and septic shock, 
circulating antiphospholipid antibodies, homocysteinami, heparin induced 
thrombocytopenia and defects in fibrinolysis. The compounds of the invention are thus 
indicated both in the therapeutic and/or prophylactic treatment of these conditions. The 
compounds of the invention are further indicated in the treatment of conditions where there 
is an undesirable excess of proCPU/CPU. 

Particular disease states which may be mentioned include the therapeutic and /or 
, prophylactic treatment of venous thrombosis and pulmonary embolism, arterial thrombose 
(e g in myocardial infarction, unstable angina, thrombosis-based stroke and penpheral 
arterial thrombosis) and systemic embolism usually from the atrium during artenal 
fibrillation or from the left ventricle after transmural myocardial infarction. 

a Moreover, the compounds of the invention are expected to have utility in prophylaxis of re- 
occlusion and restenosis (i.e. thrombosis) after thrombolysis, percutaneous trans-lummal 
angioplasty (FT A) and coronary bypass operations; the prevention of re-thrombos^ after 
microsurgery and vascular surgery in general. 

20 Further indications include the therapeutic and/or prophylactic treatment of disseminated 
intravascular coagulation caused by bacteria, multiple trauma, intoxication or any other 
mechanism, fibrinolytic treatment when blood is in contact with foreign surfaces m the 
body, such as vascular grafts, vascular stents, vascular catheters, mechanical and buccal 
prosthetic valves or any other medical device, and fibrinolytic treatment when blood „ m 

2j co „ t act with medical devices outside the body, such as during cardiovascular surgery usmg 
a heart-lung machine or in haemodialysis. 

The compounds of the invention may also be combined and/or coadministered with any 
antithrombotic agent with a different mechanism of action, such as the antiplatelet agents 
30 acetylsalicylic acid ticlopidine, clopidogrel, thromboxane receptor and/or synthetase 
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inhibitors, fibrinogen receptor antagonists, prostacyclin mimetics and phosphodiesterase 
inhibitors and ADP-receptor (P2T) antagonists and thrombin inhibitors. 

The compounds of the invention may further be combined and/or coadministered with 
5 thrombolytics such as tissue plasminogen activator (natural, recombinant or modified), 
streptokinase, urokinase, prourokinase, anisoylated plasminogen-streptokinase activator 
complex (APSAC), animal salivary gland plasminogen activators, and the like, in the 
treatment of thrombotic diseases, in particular myocardial infarction and stroke. 

10 In vitro experiments 



15 
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The inhibiting effect of the compounds of the present invention was estimated using the 
assay described in: Dirk Hendriks, Simon Schorr** and Marc van Sande, Clinical 
Chemistry, 31, 1936-1939 (1985); and Wei Wang, Dirk F. Hendriks, Simon S. Scharpe, 
The Journal of Biological Chemistry, 269, 15937-15944 (1994). 

EXAMPLES 

General Experimental Procedures 

Mass spectra were recorded on a Finnigan MAT TSQ 700 triple quadropole mass 
spectrometer equipped with an electrospray interface (FAB-MS) and VG Platform II mass 
spectrometer equipped with an electrospray interface (LC-MS). ! H NMR and ,3 C NMR 
measurements were performed on Varian UNITY plus 400, 500 and 600 spectrometers, 
operating at «H frequencies of 400, 500 and 600 MHz respectively. Chemical shifts are 
given in ppm with the solvent as internal standard. Organic extracts were dried using 
MgS0 4 or Na 2 S0 4 as the drying agent. Chromatography separations were performed using 
Merck Silica gel 60 (0.063-0.200 mm). HPLC separations were performed on a 
HIGHCROM KR100-10C8 column. 
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Example 1 

2-Mercaptomethv1-3- p ; f v»ri din-4-vl-p mp^n.v^.M 



(a) 3-Piperidin-4-vl-propionic acid 

A solution of 3-pyridin-4-yl-acrylic acid (4.20 g, 28.0 mmol) in water (50 mL) and 
ammonia (aq, 25 %, 4 mL) was hydrogenated at 60 bar in a high pressure steel autoclave in 
presence of ruthenium (5 % on alumina, 439 mg). When hydrogen pressure remained 
constant (3 days) the catalyst was removed from the reaction mixture by filtration. The 
catalyst was washed with ethanol and water, and the ethanol was removed from the 
solution on a rotavapor and the aqueous solution was freeze dried to give 3-piperidin-4-yl- 
propionic acid (4.30 g, 100 %). 

(b) 4-(2-carboxv-ethvIVpiDeridine-l-carboxvlic acidrert-butvl ester 

A solution of 3-piperidin-4-yl-propionic acid (4.79 g, 30.5 mmol), di-ferf-butyl-dicarbonate 
(6.98 g, 32.0 mmol) and NaHCO, (2.69 g, 32.0 mmol) in THF/water (1:1, 50 mL) were 
stirred at room temperature for 22 h. Another portion of di-rerf-butyl-dicarbonate (2.00 g, 
9. 10 mmol) was added together with a catalytic amount of DMAP, the resulting mixture 
was stirred for another four days. THF was removed under reduced pressure and the 
aqueous phase was extracted with CH 2 C1 2 - The aqueous was then acidified to pH 2 with 
1M HC1 and the acid extracted with CH 2 Cli The combined organic extracts were washed 
with brine, dried and concentrated in vacuo to yield 4-(2-carboxy-ethyl)-piperidine-l- 
carboxylic acid terf-butyl ester as a white solid (6.36 g, 81 %). 

(c) 4-(3-Benzvlsulfanvl-2-carboxv-propvn-piperidine-l-carboxvlic acid terf-butvl ester 
BuLi (1.6 M, 15.3 mL, 24.4 mmol) was added to a solution of diisopropylamine (3.43 mL, 
24.4 mmol) in THF (3 mL) at -78 °C under argon. After a few min the solution was 
allowed to warm up to room temperature over a period of 15 min. The resulting LDA 
solution was slowly added to a solution of 4-(2-carboxy-ethyl)-piperidine-l-carboxylic acid 
rerr-butyl ester (3.07 g, 1 1.9 mmol) in THF (7 mL) at -78 °C. The resulting solution was 
stirred at -78 °C for 10 min., THF (20 mL) was added during that time in order to dissolve 
the anion which had solidified. The dianion was cooled to -78 °C and bromomethyl 
thiobenzylether (2.72 g, 12.5 mmol) was added as a solution in THF (3 mL), the solution 
was stirred at -78 °C for 30 min, at 0 °C for 30 min and then allowed to warm up to room 
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B mpera,ure ana s,irred ovemigh, The reacuon mixnue was acKhfied w.* 1 ^ 
an— w«h E.OAC and ft. organic phase was washed wi.h wa,er and dned^The cud. 
produc, was purified by flash Orography (MeOH/CHCb.W) «o yieid 4-0- 
Be M vUul f a„yl-2«arboxy- P ^^ "~ " ' '* 

yellow oil (3.12 g, 66 %)- 

„ n , f . ^ || ..-.. | ., r ^. onvn . DiDcri din,-1^^yUcac i d gflma t 

2 29 mrnol, in THF (45 mL) and liuuid ammonia (50 mL> « -60°C under argon. AfKr 
sdrring for ,5 nun. ammonium Onoride (..7 g. 31.5 mmo.) was added in poraons. The 
coofing bam was removed and the anuno.ua was evapora.ed using a suean, of argon. 0.5 M 
MaOH was added and .he mixture was washeu wim heptane. The a^eous phase was 
acidified win, 2 M HC1 and extracted with methylene chloride. The 
washed with brine, dried and concentrated under reducer, pressure ,o gtve 4-2-C.rbox, 
mercap.o-propy.)-piperidine-.-carb„xy.ic acidKrt-butyl ester (0.7 g. .00 •) 

,.s ■,-M^ a nmmet h v l - Vri l v "din-4-yl-propiO~ic acid . H „ rttaM 

, ester (0.7 g, 2.29 mrnol, in methylene chloride (8 mL) under argon was added -V* 
(73. ^ 4.58 nuno.) foUowed h, TFA (4 mL). The reaction mixture was surred 60 
min. and .hen concentrated under redded pressure. Puriflcarion by HPLC (10-* » * 
ace.oni.rile. 0.1 % TFA in wa,er) gave the ride compound as the TFA s„. (447 mg « 
•„ NMR (400 MH*. D,0>: 6 1 34-1.50 <m.2H), ..54-1.76 (m. 3H), 1.90-1.99 0», 1H). 

B 2.0-2.1 (m. 1H). 2.9-3.05 (m, 5H). 3.38-3.48 (m, 2H). 
MS (+) 204 (M+l). 
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Fxam ple 2 

,.rl. A ~~l-nmeru< - -i- y.^-nnercan.omWllvl-propiW aci d 
Asoluuonof2-Mercap.omemy.-3-piperid^^ 

^ in aceuc anhydride (2 mL> was surreo over nigh, under argon and men concent 
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under reduced pressure. Purification by HPLC (10 -> 50 % acetonitrile, 0.1 %TFA in 
water) gave the tide compound (63 mg, 80 %). 

-H NMR (500 MHz, CD3OD): 8 1.0-1.22 (m, 2H). 1-46-1.55 (m, 1H). 1-55-1.66 (m, 2H). 
1.67-1.79 (p, IH), 1-81-1.92 (m, 1H), 2.08 (s, 3H), 2.55-2.73 (m, 4H), 3.03-3.12 (m, lift 
3.85-3.94 (m, 1H), 4.45-4.53 (m, 1H). 
MS (+) 246 (M+l). 

Fx ample 3 

, M ^n.Wthvl-2-mpmrlin 4-ylmethyl-hexanoicacid 
Toasolutionof.^ydroxyrr^y.^^ 

^ was added di-r-huryi M» (M» 2- nunc!,. The «d. J™ 
surred for ,6 h « rem umpemure. The reaction fixture was .hen poured m,o nfi «« 
, mL)m dex tt a«edw i ,he t hylaeeu,e(3 x 250na.). The organic .aye. were combrned 1 
wa shed wid, ware. The organic iayer was dried over sodium suifare, fil-ered. - *en 
concerned under reduced pressure ,o give 4.h y drox y n» 1 hy,.piperid to .- 1< a*oxyhc aerd 

rert-butyl ester (9.01 g, 96%). 

J0 ^ ..H^^nnmHhvlirinerid inr-l -rarhoxylic arid rm-hutyl ester 
To asolua 0 n4-hyd^^ 

nunol) in diethyl ether (200 mL)at0°C under nitrogen, were added tnphenyl phosphme 
m 32g 81.28 mmol) and carbon tetrabromide (26.96 g , 81.28 mmol). The mixture was 

„ nuxturewasfilteredthroughapadof^^^^^^ 

Na S 2 0 3 ,water,brine,anddried. The mixture was filtered and concentrated under reduced 

pressure. The crude product was 

1:9) to give 4-bromomethyl-piperidine-l-carboxylic acid *rt-butyl ester (8.26 g, %>■ 

30 (c) 4J2^tp^^ 
^r?-hut yl ester 
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10 



15 



. . nsne 297 32 mmol) was added dropwise to a 
,err-Butyl diethylphosphonoacetate (75.0 g, 297.32 m ; 

v. a a- (* m e 334 58 mmol) in DMF (450 mL) at U u unuc 
^ascension of sodium hydride (8.03 g, jj^.jo 

suspension temperature for 0.5 h. 4- 

nitrogen. The mixture was stirred at 0 C for 0.5 

^omomethyl-piperidine-l-carboxyUc acid^butyl — w ^ 

(50 mL) was added dropwise to the reaction mixture and the reaction 

„ r , ft h The reaction was cooled to room temperature, poured into H 2 Q and 
and stirred for 16 h. The reaction ^ 
extractedwithethylacetate. The organic layers were combined .** - 
The organic layer was dried, filtered. - d concentrated under reduced pres e- 
pro duc! was purified by column chromatography (ethyl -^^^^^ 

The product was further puruiea oy v«,« 
was taken on to the next reaction. 

batyl -MM 8 ) - 20 OMB was a^pwUc - ^ J ^ 

~:^~7£r :z~~*~- 

concentrated under reduced pressure to give 9.4 g oi a y 

B but o*ycarbonyl-5<»e«hyN^ 

24 %) for two reactions. 

k vl 3 f 4 mettoxv^enz^^ 
(r) ^ p ^w.R„tr,vvcarbonvl-3-(4-metnoxY r 

e ^licacidrm-but yLester 2 ^ nyl) . p iperidine-l-carboxylic acid 

30 A solution of 4-(2-ferr-butoxycarbonyl-5-methyl-hex 2-eny 0 Pi* 

, er ,-butyl ester (2.0 g, 5.24 mmol) in DMF (5 mL) was added to a mixture 



, 054E ,„»rt-«~*»*«*"-* w(u7 * 10 - 48nm< " )mDMF 

.emperature. The reaeuon rrux<ure was Jb P ^ ^ „ 

^^r,! J^L*-**** 

g ive4-[2->«-buloxycarbonyl-3-(4meinu ' 
car boxylic arid ,«-bucyl ester (1.77 g^ 

„oo. temperature uuder nmogcn. 4-[*«« buto y ^ 

aad ,d and the mixture was refluxed ft, .6 h. Tbe nux ^ 

re v«rs«-phase column cbroma-ography (MeOH/HA 3.2) 
TFA sail (0.40 g, 22%). 

l HNM R (300MH Z )(CD 3 OD) 5 0, 8 (d,X0.94(d,),,43( m ),1.70(br). 
20 1.94 (m), 2.48 (m), 2.90 (m), 2.99 (br), 3.34 (m)- 
MS(+) 260.2 (M-TFA). 



25 



30 



F x ample 4 , 

. u ■ i ,,„,, liiliii 1 vlmrthy 1 -^'^" 0 »cut 
y^.y.sptn-4-ohniyl />.pip*nain-» yu 

„ k , hut 2 envlVEiEendine^^^ 

(a) 4^I*uJo^^ 

honvl 2 (dietho X y-phosphoryl)-ethyl]-piperidine-l- 
A solution of 4- t 2-„-butoxycarbon 1-2 (d** y P P ^ & ^ 

nature was stirred for0.75 h. Phenyl acetaldehyde (5.26 g, 
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dropwise to the mixture at 0 °C. The mixture was allowed to warm to room temperature 
and stirred for 16 h. The mixture was diluted with ether and washed with water. The 
organic layer was dried, filtered, and concentrated under reduced pressure to give 8.6 g of a 
yellow oil. The crude product was purified by column chromatography (ethyl 
acetate/hexane, 1:50 1:10) to give 4-(2-r,rr-butoxycarbonyl-4-phenyl-but-2-enyl)- 
piperidine-l-carboxylic acid rerr-butyl ester (1.32 g, 62 % yield) for two reactions. 

r)0 1 p rr -. P .,.^ Y . Q ^nv l .vr4- m ethox V -h,.nzvls U lfany1) 1 phenyl-hutvll-piperidine-1- 

^rhr.Y Y "e acid tert- hutvl ester. 

. 4-(2-rerr-Butoxycarbonyl-4-pheny^ acidrerr-butyl ester 

(0 8 g 1.93 mmol) in DMF (10 mL) was added to a suspension of potassium carbonate 
(0 20 g, 1 .44 mmol) ) and 4-methoxy-a-toluenethiol (0.54 mL, 3.85 mmol) in DMF (10 
mL) under nitrogen. The mixture was heated to 75 °C for 24 h and allowed to cool to room 
temperature. The reaction mixture was then poured into H 2 0 and extracted with ethyl 

5 acetate The organic layers were combined and washed with water. The organic layer was 
dried filtered, and concentrated under reduced pressure to give 1.8 g crude material. The 
crude product was purified by column chromatography (ethyl acetate/hexane, 1:10) to give 
4-12-rer^butoxycarbony^^^^ 
carboxylic acid rerr-butyl ester (0.55 g, 50 %). 

!0 

( „) ^,M t ,r. a r tn.4-phenvl-2-r i r < '" Hi "- 4 - vlmethvl - butVriC add 

A mixture of H 2 Q (0.65 mL) and TFA (6.5 mL) was frozen and then allowed to warm to 
room temperature under nitrogen. 4-[2^rr-butoxycarbonyl-3-(4-methoxy-ben Z ylsulfanyl)- 
4-phenyl-butyn-piperidine-l-carboxylic acid rerr-butyl ester (0.65 g, 1.14 mmol) was 
u added and the mixture was refluxed for 16 h. The mixture was allowed to cool to room 
temperature and concentrated under reduced pressure. The crude product was purified by 
reverse-phase column chromatography (MeOH/HaO. 1:1) to give the tide compound as the 
TFA salt (0.27 g, 58 %). 

30 'H NMR (300 MHz) (DMSO) 5 1.22 (m), 1-49 (m), 1.67 (br), 2.21 (d,), 2.98 (m), 7.25 (m, 
5H), 8.27 (br), 8.57 (br), 12.59 (br). 
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Fxample 5 

^-Amino-py nHin^- Y 1 ^^ 

(n) ^-{^-MPth yl-pvridin-2- YlVacetamide 

2-Amino-4-methylpyridine (99.0 g, 91.5 mmol) in acetic anhydride (250 mL) was warmed 
to 70 °C for two h. The mixture was cooled to room temperature and diethyl ether (100 
mL) added. The product crystallized as white needle crystals. Filtering and drying in vacuo 
afforded Ar-(4-methyl-pyridin-2-yl)-acetamide (130 g, 95 %). 

(h) -?-AretYlarnino-is ""ieotinic acid 

A mixture of ^(4-methyl- P yridin-2-yl)-acetarnide(40.0 g, 0.26 mol) and water (400 mL) 
was heated at 90 °C until the solution was homogeneous. KMn0 4 (100 g, 0.62 mol) was 
added carefully in small portions with vigorous mechanical stirring over 2 h. The reaction 
mixture was kept at 90-95 "C for further 3 h before filtering through Celite while st.ll hot. 
The filtrate was concentrated to about 100 mL and concentrated HC1 was added to adjust 
the P H to about 4. The reaction flask was cooled in an ice bath and the white solid filtered 
off. The crystals were washed with cold water and chloroform and dried in vacuo giving 2- 
acetylamino-isonicotinic acid (12.0 g, 25 %). 
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(/») 9-ATnino-isonicotin^ arid ethvl ester 

2-Acetylaminc-isonicotinic acid (10.8 g, 60.0 mmol) was suspended in ethanol (150 mL) 
and BF 3 OEt 2 (22 mL, 138 mmol) was added. The mixture was refluxed overnight, and 
after cooling to room temperature 10 % NaHCQ, (250 mL) was added. The product was 
extracted with chloroform and the combined organic extracts were washed with water and 
dried. Filtering and concentration afforded 2-amino-isonicotinic acid ethyl ester (7.46 g, 79 
%) as pale yellow crystals. 

M) v.hU (^rf.R„toxvcarbo "Yl)^i""l-isonirotinir acid ethyl ester 
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To a solution of 2-amino-isonicotinic acid ethyl ester (5.00 g, 30 mmol) in f-BuOH (45 
mL) and acetone (15 mL) was added DMAP (50 mg, 0.41 mmol) and dU-butyl 
dicarbonate (16.4 g, 75.0 mmol). The reaction was stirred at room temperature overnight 
and hexane (60 mL) was added. The reaction mixture was cooled in a refrigerator for 3 h 
and filtered to give 2-[M^-bis(fert-butoxycarbonyl)amino]-isonicotinic acid ethyl ester 
(8.71 g, 79 %). 

(e) f4-Hvdroxvmethvl-Pvridin-2-vn-c arbamic acidterr-butvl ester 

A solution of to 2-[MA^-bis(ter/-Butoxycarbonyl)amino]-isonicotinic acid ethyl ester (35.0 
g, 95.5 mmol) in THF (350 mL) was treated with LiAlH* (7.25 g, 191 mmol) and refluxed 
for 1 h under nitrogen. The reaction mixture was poured carefully onto crushed ice and the 
product extracted several times with CHCI3 and CHC1 3 : MeOH (9:1). The combined 
organic extracts were dried, filtered and concentrated under reduced pressure to give (4- 
hydroxymethyl-pyridin-2-yl)-carbamic acidtert-butyl ester (18.5 g. 86 %) as a pale yellow 
solid. 

(f) r4-Bromomethvl-pyridin-2-vn-ca rhamic acid terf-butvl ester 

(4-Hydroxymethyl-pyridin-2-yl)-carbamic acidrerf-butyl ester (8.00 g, 35.6 mmol) was 
dissolved in CH 2 C1 2 (150 mL) and treated with PPh 3 (1 1.2 g, 42.8 mmol) under nitrogen. 
The reaction flask was cooled in an ice bath and CBn, (14.2 g, 42.8 mmol) was added in 
small portions. The ice bath was removed after 30 min and the reaction mixture was stirred 
overnight at room temperature. The reaction mixture was concentrated under reduced 
pressure and acetonitrile (50 mL) was added. The reaction flask was placed in a refrigerator 
for 3 h and the precipitate filtered and washed with cold acetonitrile. The white solid was 
dried in vacuo giving (4-bromomethyl-pyridin-2-yl)-carbamic acidterr-butyl ester (8.38 g, 

82 %). 

( ? -\ 9- (7-//>rf-Butoxvcarbonvlamino-pyridin-4-vlme thvn-malonir acid diethyl ester 
To a solution of NaH (80%, 0. 17 g, 4.00 mmol) in THF (5 mL) at 0°C under argon was 
added diethyl malonate (0.64 g, 4.00 mmol). After the mixture was stirred for 15 min the 
mixture was added to a refluxed mixture of (4-bromomethyl-pyridin-2-yl)-carbamic acid 
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w 28 
,«„.,»,„ — <U» » *« —> ™ " ' Md fc ^ «. Phoned 

flash chromatography (MeOH/ OtfJ* 
pyridin ^i m e t hyl^ 

.a vlmethvndSaloniOad^ 
(h) H2^u^^ of 2-(2- 

. • f KOH (0 19 g, 3.43 mmol) in ethanol (5 mL) was 
A solution of KOH (iuv g. ^ ester (1>2 0 g, 3--" 

f£rt -butoxycar^nylarnino-pyridin-4-ylme y o c The mixt ure was stirred 

for !8 h at room temperature. The mature ^ ^ ^ ^ 

with water, brine and dned. After fiftr ^ ^ 

waspuriHedhyf^^^^ 
butoxycarbonylamino-pyndin-4-ylmethyl) 

A soWon of dtohytaw* (026 g. 267 vtelhyl>1M lonic acid monoethyl 

(0.90 e. 2 66 mmol) and 37 % a* » ^ „ OT1 o 

NaJ.CO.-ddHed.Thec^prodnc.waspnnWb, 
,« tto „linCH 1 a ! , K »i«ld2-(2- K «-b».oxyc»*<>»y'-'" » 

acid«M«"°< 0 - 58 8- 71%) - 

acid 
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A solution of 2-(2-/ e rr-butoxycarbonylamino-pyridin-4-ylmethyl)-acrylic acid ethyl ester 
(0.48 g, 1.57 mmol) and triethylamine (0.17 g, 1.64 mmol) was added to thioacetic acid (3 
mL) at 0 °C under nitrogen. The mixture was stirred at room temperature for 4 h. The 
mixture was poured onto ice-water and extracted with CH 2 C1 2 . The organic phase was 
washed with saturated NaHCOs (aq) and dried. The crude product was purified by flash 
chromatography (2.5 % MeOH in CH 2 C1 2 ) to give 2-acetylsulfanylmethyl-3-(2-ferr- 
butoxycarbonylamino-pyridin-4-yl)-propionic acid ethyl ester (0.60 g, 100 %). 

,v\ ^-Ar^t ykiilfanvlmethvl- S -^-^ino-ovridin^-vn-propionic acid ethyl ester 
TFA (0.5 mL) was added to a solution of 2-acetylsulfanylmethyl-3-(2-rert- 
butoxycarbonylamino-pyridin-4-yl)-propionic acid ethyl ester (50 mg, 0.13 mmol) in 
methylene chloride under argon. The solution was stirred for 60 min and concentrated 
under reduced pressure to give crude 2-acetylsulfanylmemyl-3-(2-amino-pyridin-4-yl)- 
propionic acid ethyl ester (52 mg, 100 %). 

'H NMR (500 MHz, CD3OD3): 6 1.15 (t, 3H), 2.32 (s, 3H), 2.73-2.83 (m, 2H), 2.86-2.93 
(m, 1H), 3.01-3.07 (dd, 1H), 3.12-3.18 (dd, 1H), 4.03-4.12 (m, 2H), 6.39 (s, 1H), 6.43 (d, 
1H), 7.77 (d, 1H). 

ffl 2-f2-Amino-pvridin-4-vlmethvn-3- mercapto-proDionic acid 

2-Acetylsulfanylmethyl-3-(2-amino-pyridin-4-yl)-propionic acid ethyl ester (52 mg, 0.13 
mmol) was dissolved in cone. HC1 (2 mL) under argon. The solution was heated to reflux 
for 1 h. Concentration under reduced pressure gave the title compound as the hydrochloride 
salt (32 mg, 100 %). 

'H NMR (500 MHz, CD3OD): 5 2.70 (bs, 2H). 2.85-3.0 (m, 3H), 6.76 (bs, 1H), 6.81 (bs, 

lH),7.67(bs, 1H). 

MS(+)213(M+1). 

Example 6 



Example o 

3-f6- Armno-pvridin-3-vn-2-mercaptom ftthv1-propionic acid 



(a) 6- Amino-nicotinic ac id ethvl ester 



,. . 4 05 Q,U1— >— 111,0 

SOC1, (16 mL) was added. After 3 ^ „„ diMhyl .to was 

eachd.y),^^^'" 5 C0< " ,, Kred ^ cro de sal. »as dissolved in 

,^(^ 8 ,«0"-0 : ™- i ^ aMg , Atel 0 h s«n g ..^ 



to**- (T2.0 * 330 -* Tte "7 „ M^AltelOb sdm-g « «»m 
l «„ Bg iv«6-W•l*.»>^« l "'"i ,lilm, "^ 

„ ..ucedp.essure^ve^— '- P ' ndm2y> 



TnpWylphosphin. (8.TO g. 33.1 nanol) »d ^ ^.wyl esKr 

(7.00^31.21^01)^0^02(200^) 
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h foHowed by evaporation of the soWent. <**> *> ™ M ~ 

, , p ,, vl OmLHo give (5-bromomethyl-pyndin-2-yl)-carbamic 
washed with cold acetomtnle (2 x 10 ml-), k> give v 

acid wrf-butyl ester (5.96 g, 67%). 

Lyl — (2.61 8 . .6.3 — 0. The « — - « - - 

^ dropwise .o a refluxed mixtu* of ^o^W-^W*™ 

,5 min. After evaporation of the solvent, the crude product was punfied by flash 

chrotna.o 8 raphy (methanol/OfcC,,, • = '« - "= «» » **** .g 44 %) 
buu.xycarbonyiamino-pyridin-S-ylrned.yO-ma.orUc .Id diethyl ester (2.18 g . 44 %). 

*sotu^o7^7^ 
--bu.ox,car*n,.arn^^ 

mmol) in ethano. (25 mL) and methylene chloride (10 mL)a.O C. The mtxture 
Z « h a, room ten.peran.re. The mixture was concent under reduced p^—d 
I residue dissolved in wa«. The aoueous .ayer was washed with ether, ac.d.r.ed to pH 
7, 1M HC1 and extracted with methylene chloHde. The organic layer was washed w«h 

product was purified by flash chromatography (methanol «&. .20, » y 
Loxycarbonylarmno-pyndinO^^ 
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^^^^^ (2 T ^ 

to amixture of 

m onoe,hy. ester (..00 g, 2,6 mmol) and 37 • a,. so.uti„n °"°^^°^o 
^ a, 0 °C. The nature was stirred for ,6 h a, room temperance and then poW on 
TwLr and extracted with methylene cluoride. The organic .ayer was washed w.th 5 
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■Ai n * vlmethvD-acrylic acid ethyl ester (0.73 g, " *; 
butoxycarbonylamino-pyndin-3-ylmetnyi; ac y 

' J ^ „ (j^ri (3 mL> * 0 

2.5:100) CO give ^aylsttlfanjlmclhyM^" 
propionic acid ethyl ester (0.36 g, 61 »• 

• j*« i t,i\ nrnnionic aridethyLester 

^^^^ 

concentrated under reduced pressurc to give crude 2 acetylsu 

•H NMR (500 MHz, CD,OD>: » 1.21 (, 3H), 2.33 <s. 3H). 2.78-2.97 (n, 3» 
( II,3,«,H,,H,.4.(»,. 15 (r». 2 H».^<^H,7.6,« S , 1 H,7,5(..H, 

2. Ac e,y- m ,,r«,^^ 

ester (38 mg, 0.096 mmol) was dissolved in cone. HO (2.0 Concentration 
under reduced pressure gave the title compound (25.7 mg, 100 

(s,lH),7.89(d, 1H). 
MS(+)213(M+1). 



20 



25 



30 



H 2156-1 SE 




30 



Example 7 

3-(6-Ami n o.p Vri din-3- v n -> m nrcaoto m ^hv,. ? .^^ vl , Dmn ,- nm> ^ M 

5 W 2 ^^ Ut ° X V c ^™Y'™^^ - |rmie acift ,„„, h , m „ 

ester ethy l ester " 

A solution of tert-butyl ethyl methylmalonate (457 mg, 2.26 mmol) in DMF (4 mL) was 
added dropwise to a suspension of NaH (90 mg, 2.26 mmol, 60 % in oil) in DMF (4 mL) 
The reaction mixture was stirred for 20 min. A solution of (5-bromomemyl- P yridin-2-yl)- 
■o carbamic acid r^-butyl ester (500 mg. 1.74 mmol) in DMF (2.5 mL) was added and the 
reaction was stirred for 70 min. EtOAc was added and the mixture was washed with water 
and bnne, dried and concentrated under reduced pressure. Chromatography 
(Heptane/EtOAc, 3:1 -> 1:3 ) gave 2-(6-^-butoxyc a rb.nylan^no-pyridin-3-ylmethy,)- 2 - 
methyl-malonic acid terr-butyl ester ethyl ester 
15 (437 mg, 61 % yield). 

wa^.Buto^ _ hy| ma]onif ^ 

butvl ester 

I MNaOH (2 mL) was added to a solution of 2-(6-^-butoxycarbonylarnino-pyridin-3- 
o ylmethyl)-2-methyl-malonic acid ,m-butyl ester ethyl es ter(0.42g, 1.03 mmol) in 

THF/EtOH (4 mL, 1:1) . The reaction mixture was stirred at 50 «C for 16 h. CH 2 C1 2 was 
added and the mixture was washed with 0.5 M HC1 and brine and dried. Concentration 
under reduced pressure gave Wr^butoxycarbonyl^^^ 
malonic acid mono-terr-butyl ester (348 mg, 89 %). 

(c) 3-(6-/ g r/-Bntoxvc a rhon Y i^ ino riH;n .^ , > 0 _ 

ter^ZT^ 3 jdL 2J l y droxymethyl- ? - r n,th Y l-p ro r ,onirn n d 

Methyl chloroformate ( 75 uL, 0.92 mmol) was added dropwise to a solution of 
butoxycarbonylamino^ ^ ^ 

(348 mg, 0.915 mmol) and Et 3 N (123 uL, 0.92 mmol) in THF (6 mL). The reaction 
nuxture was stirred for 20 min., filtered and added dropwise to a suspension of NaBH, (39 
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mg, 1.04 mmol) in THF (6 mL) at 0 °C. The reaction was stirred for 16 h at room 
temperature. 0.2 M HC1 was added followed by EtOAc. The organic phase was washed 
with brine and dried. Concentration under reduced pressure followed by chromathography 
(toIuene/EtOAc, 3:1 -» 1:3) gave 3-(6-rm-butoxycarbonyIamino-pyridin-3-yl)-2- 
5 hydroxymethyl-2-methyl-propionic acid rm-butyl ester ( 1 90 mg, 57 %). 

(d) 2-AcetvlsulfanvImethvl-3-f6-rgrf-butoxvcarbonvlamino-pvridin-3-vl)-2-methvl- 
propionic acid te/?-butyl ester 

Diethyl azodicarboxylate (160 jiL, 1.01 mmol) was added dropwise to a solution of 3-(6- 
10 ^r/-butoxycarbonylamino-pyridin-3-yl)-2-hydroxymethyl-2-methyl-propionic acidtert- 
butyl ester (180 mg, 0.49 mmol) and triphenylphosphine (266 mg, 1.01 mmol) in THF (6 
mL) and the reaction was stirred for 5 min. Thiolacetic acid (96 liL, 1.34 mmol) was added 
and the reaction was stirred for 16 h. Concentration under reduced pressure followed by 
chromathography (toluene/EtOAc, 10:1 1:1) gave 2-acetylsulfanylmethyl-3-(6-te/?- 
15 butoxycarbonylamino-pyridin-3-yl)-2-methyl-propionic acidte/t-butyl ester (137 mg, 65 
%). 

(e) 3-(6-Amino-pvridin-3-yl)-2-mercaptomethvl-2-methvl-propionic acid 
2-Acetylsulfanylmethyl-3-(6^^butoxycarbonylamino-pyridin-3-yl)-2-me%l-propionic 

20 acid tert'butyl ester (4 mg, 9.4 jiimol) was dissolved in cone. HC1 under argon. The solution 
was heated to reflux for 1 h. Concentration under reduced pressure yielded the title 
compound as the hydrochloride salt (2.5 mg, 100 %). 

*H NMR (500 MHz, CD 3 OD): 8 1.20 (s, 3H), 2.62 (d, 1H), 2.76-2.83 (m, 2H), 2.95 (d, 
1H), 6.94 (d, 1H), 7.64 (d, 1H), 7.80 (dd, 1H). 
25 MS(+)227(M+1). 



Example 8 

2-(6-Amino-pvridin-3-vlmethvn-2-mercaptomethvl-butvricacid 
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(a) f5-(5-Eth Y l-2,?.-di m ethYM 6- dioxo- r 1 ,3Wioxm, - 5 .vl me .hvl WiHi,-^ .^-f. 
acid tert-huty\ ester 

(5-Bromomethyl-p yr idin-2-yI)-carb am ic acid,er,-butyl ester (1.0 g, 3.48 mmol) was added 
to a solution of 2.2-dimethyl-5^yl-l,3-dioxane-4,6-dione (600 mg, 3.48 mmol) and 
s triethylamine (0.51 mL, 3.66 mmol) in dimethyl sulfoxide (40 mL) under nitrogen. The 
reaction mixture was stirred over night and water (100 mL) was added. Filtration of the 
precipitate gave r5-(5-ethyl-2,2-dimemyM,^ 
carbamic acid tert-butyl ester (1.15 g, 87 %). 

10 fo> ^^^-Butoxycarhonvlamino-nvridin-^v^ethv^^ ^hv,.^,^^ g „ ; „ Uyl 



ester 



> a 



A solution of sodium metal (140 mg, 6.08 mmol) in ethanol (20 mL) was added to 

solution of r5-(5-emyl-2,2^imethyl-4,6-diox^^ 

carbamic acid rm-butyl ester (1.15 g, 3.04 mmol) in ethanol (10 mL). The reaction was 

stirred for 90 min. and methylene chloride was then added. The mixture was washed with 

0.5 M HC1, dried and concentrated under reduced pressure to give 2-{6-tert. 

butoxycarbonylarnino- P yridin-3-ylmethyl)-2-ethyl-malonic acid monoethyl ester (1 05 g 
95%). ' S ' 
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(O 2-(6-r^-Butoxyrarhonyhniino Pvridi n -3-vl m .th v l V o. hvdroxviT „. thvl . h „^^ ^ 
ester 

Methyl chloroformate (150 uL, 1.95 mmol) was added dropwise to a solution of 2-(6-/err- 
butoxycarbonylarmno-pyridin-S-ylmethy^-ethyl-malonic acid monoethyl ester (700 mg 
1.91 mmol) and Et 3 N (275 UL, 1 .97 mmol) in THF (15 mL) at -20 °C under nitrogen. The ' 
reaction mixture was stirred for 50 min., filtered and added dropwise to a suspension of 
NaBKU (80 mg, 2. 1 mmol) in THF (15 mL) at -20 °C. The reaction was stirred for 16 h at 
room temperature. 0.2 M HC1 was added followed by methylene chloride. The organic 
phase was washed with brine and dried. Concentration under reduced pressure followed by 
chromathography (toIuene/EtOAc, 3:1 1:3) gave 2-(6- tert -butoxycarbonylamino- 
pyridin-3-ylmethyl)-2-hydroxymethyl-butyric acid ethyl ester (300 mg, 45 %). 
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acid ethy l estpr * — 

Oh*** a^cartoxyte (296(lL , L53 ^ WB ^ ^ a 

. ^enyWo^e,^^. . « mm „, )i „THF(4 m L,a I 0'Caoderar g „„and, ll « 

» re ^P^ foiled by ehromafto^hyfl^p^OAc, 10:1-, ,. I)gare2 

(C)2iB!Si!! ^^ 

ethyl ester (12.3 mg, 30 M mol) was dissolved in cone. HCI (2 mL) under argon. TT* 

solution was heated to reflux for OA h rv,„„» . »• 

retlux for 24 h. Concentration under reduced pressure gave the title 
compound as the hydrochloride salt (8.3 mg, 100 %) 

«H NMR (500 MH, CD 3 OD): 5 0.91 ( , 3H), 1 .71 (m , 2 H), 2.68 (m, 2H)( 2.92 (m 2H) 
» 6.96 (d, 1H), 7.65 (bs, 1H), 7.82 (dd, 1H). 
MS(-)239(M-1). 

Example 9 

WHMMbM^ . r „ 

1 1 ^Idioxan-S- vlmethylVp yr 

™***«*«^^ 

—0 was added ,o a s * tta , of 2^-^yM^^,^ (630 4 „ 
- jo« a*, W ed,y Imta (0 . 58 ^ 4 . 2 ^ in ^ sulfMide w ^ ^ 
— . ~ sU md „ veraigh , Md waKr (100 ^ ^ ^ ^ ^ ^ 
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w,,h EtOAc, the combined organic pha.es washed with water and brine and dried 
Concen^on under reduced pressure ga ve cde 2- (W ^is(,«. bu , oxyC a rbo „ yl)aniino] . 
'^^^l*^*^ (2.06 „ 

' ^^^^W^! < -rH^M-.. v , T -. r ., 

maJonic acid monnftthyi ^ sff > r " — 

A soludon of sodium metai ( 184 mg, 8.0 mmoi) i„ e,ha„ 0l ,20 mL) was added lo . ^ 

n*--^*^^^^^^^^ The 

teacuon was suned for 60 min. and methviene chioride was men added. The mixture was 
washed wtth 0, M „C, and brine, dried and conceded under .educed pressure ,„ ^ 

maionic acid monoethyl ester ( 1 .9 g) 

" W ^ WW - h " f '- '-P'"^^V lM n i no,.,- m .,...., m .. n , rn . „ | 

methyl-promonic arid -rhyi - rtrr * 

Meth yl chioroformate (338 UL. 4.4 mmoi, was added dropwise ,„ a soiution „ f crude 2 <6 - 
mo„c„h yl es t e r (,.9 s ,a Kl E, 3 N,o4 1 UL, 4.6 mmol) in THF (30 mL) at -20 °C The 

NaBH. (.82 m g , 4.8 mmoi, i„ thf ,30 mL, at -20 -C Tne reaction was sttaed for 16 h at 
room temperature. 0.5 M HCi was added foUowed b y meth yl en« chioride. The organic 
pKase was washed with brine and dried. Concentrarion under reduced pressure foLed b y 
chromathographv (toluene^OAc, ,0:! -» , :3 ) gave 3-,6-tAW-biste,,- 

ethyl ester (885 mg, 49%). propionic acid 



yl,-2-methyl-proninn^ ethvl egrpr 

- Msopropy.a.odicarbo^^,,.^,, mmoi, was added dropwise ,„ a soiution „, 
mphen.iphosphine (i.026 g, 3.91 mmoi, in THF (10 mL, a,0°C and the reaction was 
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sfrred for 30 mi„. A ^ „f ^ Qn ^ 3 9 , ^ ^ 

P«d e %l e s ,er (885 mg . ,„ „ WF (5 ^ wk 
iOn.n.T^^uonw^^fc^^^^^^^^^^^J 

^—^ucedpr^refoUo^ 
- . :3) gave tapu* ^O-faaytae,^^ 
meU.yl-p)Ti<lin.3.,I,-2- m e I l,yI.p ro pi„ n i c acid ethyl ester (,.46 g) 

ethvl ester * — K 



JO ethyl ester 



3j^- propionic acid ethyJ ester (] 46g) ^ disso]yed ^ ^ ^ ^ stjrred 
for 60 nun. Concentration under reduced pressure followed by chromatography 
(toluene/EtOAc, 1:1 -> , 10 _ 0 :1) gave slightly impure 2-acety,su,f a nyl m ethyl-3-(6- 
» — 5-m e thyl- P yridin-3-y,)-2-methyl-pro P ionic acid ethyl ester (696 mg, 84%) 

2-Ace«^ 

Ster,7m ^«wasdissolvedi„conc.HCl ( 2rnL)under^ 
heated to reflux for 150 mi. Concentration under reduced pressure gave the title 
compound as the hydrochloride salt (10.7 mg 96 %) 

2-94 (d,lH), 7.55 (m.lH), 7.69 (m,lH). 
MS (+) 241 (M+l). 

25 

Example 1ft 

»D -fe argon and fc ^ . ^ [o swe „ for )o ^ 2 .^. * 
propionic acid ethyl ester HQ-salt (5.9 g, 32 mjnol) was added. TFA (70 mL) waTthei^^^ 
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added in small portions over 10 min. The slurry was shaken at room temperature for 1 h 
and concentrated under reduced pressure. When almost dry, toluene (150 mL) was added 
and the mixture was again concentrated under reduced pressure. This procedure was 
repeated twice. The now yellow resin was washed with DMF (3x60 mL), CffcCl 2 (2x60 
mL), TEA:CH 2 C1 2 (1:1, 2x60 mL), CH 2 C1 2 (2x60 mL), MeOH (2x60 mL) and dried under 
vacuum overnight. 

To calculate the loading of 2-amino-3-mercapto-propionic acid ethyl ester on the resin, 50 
mg of the product was treated with 10% TFA in CH 2 C1 2 for 1 minute, and this procedure 
was repeated 4 times. The mixture was concentrated under reduced pressure to give 2- 
Amino-3-mercapto-propionic acid ethyl ester (9.8 mg), indicating a loading of about 0.6 
mmol/g. 



A solution of piperidine-l,4-dicarboxylic acid mono-*rr-butyl ester (28 mg, 0.12 mmol) in 
DMF (1 mL) was added to the resin (100 mg, L=0.6 mmol/g, 0.06 mmol) in a plastic 
.5 syringe, followed by PyBOP (62 mg, 0.12 mmol) in DMF (0.5 mL) and DIPEA (41 uL, 
0.24 mmol). The reaction was left at room temperature for 2 h with occasional stirring and 
the procedure was repeated once more. The resin was then washed with DMF (2x2 mL), 
CH 2 C1 2 (2x2 mL), MeOH (2x2 mL), CH 2 C1 2 (2x2 mL) and THF (2x2 mL). 
THF (800 uL) was added to the syringe and the resin was allowed to swell for 10 min. 
2 o Then water (250 uL) and 10 M NaOH (50 U.L) were added. The reaction was left at room 
temperature for 16 h with occasional stirring. The resin was then washed with THRwater 
(1:1, 2x2 mL), THF (2x2 mL), CH 2 C1 2 (2x2 mL), MeOH (2x2 mL) and CH 2 C1 2 (2x2 mL). 

10 % TFA in CH 2 C1 2 (1 mL) was added to the syringe and after 5 min the solution was 
25 collected in a tared vial. This procedure was repeated one more time and the combined 

organic phases were concentrated under reduced pressure to yield the title compound as the 
TFA salt (15.3 mg, 74 %). 

'H NMR (500 MHz, CD 3 OD): 6 1.85-2.10 (m, 4H), 2.65-2.72 (m, 1H), 2.85-2.92 (m, 1H), 
2.95-3.08 (m, 3H), 3.40-3.47 (m, 2H), 4.55-4.60 (m, 1H). 



30 
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•HNMR(500MHz,CD3OD).52.5 
4.66-4.71 (m,lH). 5.05-5.10 (m,lH). 



10 



ExarnEiei2 n ominoi-oroEioQieje^ 

^ u^n&m^^SSS^tmS^ 32 - ^iai-fert-butyl ester 

^^AAfaerl 3-dicarboxylic acid Uen , 

. H NMR(500MtU,CD,OD):81.73-2..0( 
3. l5 -3.29(m.3H).4.56 J ..62(--lH>- 



15 



20 



.HNMR<500MH 2 .C D > OD):82S 
4.62-4-67 (m, IB. 

u« ane was added and the proauciF * ... ,„ 0? ,7l%. 

.educed pressure. Hexane was 1)amino] . 3 -methyl-pyndm (22.0 g, 

30 affo rded5-bromo-2^^^ 



H 2156-1 SE 



41 



10 



(b) 2-fA/,jV.bi.srrm-R„toxvcarhnnvn am ,^ 1 _._ f> ^ ^^din^hvl.^^y,,^,^^ , 
methylpy ridin 

A solution of 5-bro mo -2-rA^bis(rm-^^^ (26.0 g 

67.1 n^olX/m-butyl-dimet^ 109mmol) and 

basCtriphenylphosphinOpalladiumCn) dichloride (0.90 g, 1.42 mmol) in 1 ,2-dichloroethane 
(80 mL) was stirred at 90 °C for two days. The mixture was cooled to 0 °C and diethyl 
ether (200 mL) was added followed by saturated aqueous potassium fluoride (40 mL) The 
mixture was stirred vigorously for 30 min and filtered. The organic phase was washed 
w.th water, dried and concentrated under reduced pressure. Flash chromatography 
(hexane/EtOAc, 100:0 -> 95:5) gave 2-[^bis(,^^ 
di m ethyl-silanyloxymethyl)-3- me thylp y ridin (18.0 g, 59 %). 

Tetrabutylammonium fluoride (25.1 g, 79.6 mmol) was added to a solution of W 
bis(,m-butoxyca^^^ 

(18.0 g, 39.8 mmol) in THF (150 mL). The reaction mixture was stirred overnight at room 
temperature. Concentration under reduced pressure followed by flash chromatography 
o (hexane/EtOAc, 50:50) gave 2-[W-bis(,^^ 
methylpyridin (8.0 g, 59 %). 

(d) 5-Bromomethvl-2-fA^,Ar-h,s(.m-b„ t oxvc a rhnnvn am ;^ 1 S-methvlnvHH.n 
Tnphenylphosphine (7.43 g, 28.3 mmol) and CBr, (9.49 g, 28.6 mmol) was added to a 
solunon of 2-[^bis(*r,-butoxy^^ 

(8.00 g, 23.6 mmol) in dichloromethane (220 mL) at 0 °C. The reaction mixture was stirred 
for 3 h and was then concentrated under reduced pressure. Flash chromatography 

(hexane/EtOAc, 80:20) gave 5-bromomethyl-2-^^bis(r^-butoxycarbonyl)amino]-3- 
methylpyridin (8.0 g, 77 %). 



30 
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(e) 2-(6-fMA^-bis (rgr^Butoxvca^bonvl)amino^5-methvl-Dvriciin■3-vlmethvlV malonic acid 
diethyl ester 

To a suspension of NaH (0.24 g, 6.0 mmol, 60%) in DMF (5 mL) was added diethyl 
malonate (0.91 mL, 6.0 mmol) and the mixture was stirred for 15 min. A solution 2-[N.N- 
s bis(^rr-butoxycarbonyl)amino]-5-bromomethyl-3-methyl-pyridin (2.0 g, 5.0 mmol) in 
DMF (5 mL) was added and the resulting solution stirred for 120 min at 60 °C Ethyl 
acetate was added and the mixture was washed with water and brine and dried. After 
evaporation of the solvent, the crude product was purified by flash chromatography 
(CH3OH/CH2CI7, 1:100-4 1:20) to give 2-(6-[MA^-bis(/m-butoxycarbonyl)amino]-5- 
10 methyl-pyridin-3-ylmethyl)-malonic acid diethyl ester ( 1 .2 g, 50 %). 

(f) 2-(6-rA^.^-bis( f fgrr-butoxvcarbonvl)aminol-5-methvl-pvridin-3-vlmethvn-malo acid 
monoethvl ester 

A solution of KOH (154 mg, 2.75 mmol) in ethanol (2 mL) was added to a solution 2-(6- 
15 [M^bis(/m-butoxycarbonyl)amino]-5-methyI-pyridin-3-ylmethyl)-malom acid diethyl 
ester (1.2 g, 2.50 mmol) in ethanol (10 mL) and methylene chloride (4 mL) at 0°C. The 
mixture was stirred for 18 h at room temperature. The mixture was concentrated under 
reduced pressure and the residue dissolved in water. Ethyl acetate was added and the 
organic layer was washed with 0.5 M HC1, water, brine and dried. After filtration and 
20 concentration under reduced pressure gave crude 2-(6-[/v",/^-bis(^rr- 

butoxycarbonyl)amino]-5-methyl-pyridin-3-ylmethyl)-malonic acid monoethyl ester (1.0 g, 
88 % ). 



(g) 2-(6-rMAlbis terr-butoxvcarbon ac id 
25 ethyl ester 

Diethylamine (0.26 g, 2.67 mmol) was added a mixture of 2-(6-[M^-bis(ferf- 
butoxycarbonyl)amino]-5-methyl-pyridin-3-ylmethyl)-maIonic acid monoethyl ester (1.0 g, 
2.2 mmol) and 37 % aq. solution of formaldehyde (0.24 g, 3.00 mmol) in methylene 
chloride (2 mL) at 0 °C. The mixture was stirred for 16 h at room temperature and ethyl 
30 acetate was added. The organic layer was washed with water and 5 % NaHCOj and dried. 
Concentration under reduced pressure followed by flash chromatography (toluene/ethyl 
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s 

acetate, 3:1 -> 1:2) gave 2-(6-[MN-bis(rm-butoxycarbonyl)amino]-5-methyl-pyridin-3- 
ylmethyl)-acrylic acid ethyl ester (0.68 g, 73 %). 

(h) 2-Acetvlsulfanvlmethvl-3-(6-rMAT-bis(^ 
vD-propionic acid ethyl ester 

Triethylamine (0.234 mL, 1.68 mmol) was added to a solution of 2-(6-[M^-bis(rerf- 
butoxycarbonyI)amino]-5-methyl-pyridin-3-ylmethyl)-acrylic acid ethyl ester (0.68 g, 1.61 
mmol) in thioacetic acid (3 mL) at 0 °C. The mixture was stirred at room temperature for 
16 h. Ethyl acetate was added and the organic phase was washed with water, saturated 
NaHC03 and brine and dried. The crude product was purified by flash chromatography 
(toluene/ethyl acetate, 3:1 -» 1:2) to give pure 2-acetylsulfanylmethyl-3-(6-pV f /V-bis(rerr- 
butoxycarbonyl)amino]-5-methyl-pyridin-3-yl)-propionic acid ethyl ester (489 mg, 61%) 
and slighdy impure 2-acetylsulfanylmethyl-3-(6-pV,//-bis(rerr-butoxycarbonyl)amino]-5- 
methyl-pyridin-3-yl)-propionic acid ethyl ester (0.34 g, 43%). 

(i) 3-(6-Amino-5-methvl-pvridin-3-vl)-2-mercaptomethvl-propionic acid 

2- Acetylsulfanylmethyl-3-(6-(W f ^bi 

propionic acid ethyl ester (17 mg, 0.034 mmol) was dissolved in cone. HC1 (3.0 mL). The 
solution was heated to reflux for 1 h. Concentration under reduced pressure gave the tide 
compound (8.9 mg, 100 %) as the hydrochloride salt. 

! H NMR (500 MHz, CD 3 OD): 5 2.26 (s, 3H), 2.72-2.75 (m, 2H), 2.83-2.91 (m, 3H), 7.60 
(s, 1H), 7.77 (s, 1H). 
MS (+) 227 (M+l). 

Example 15 

3- f6-Amino-4-methvl-pvridin-3-vl)-2-mercaptomethvl-propionic acid 
(a) 2-Amino-5-bromo-4-methylpyridine 

2-Amino-4-methylpyridine (1 10 g, 1.02 mol) in hydrobromic acid (1 L, 48%) was stirred at 
70 °C and a solution of hydrogen peroxide (300 mL, 15 %) was added dropwise over a one 
h at such a rate that the temperature of the reaction mixture remained at 70 - 80 °C. The 
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mixture was stirred for 90 min at 70 °C and poured onto crushed ice. The pH was adjusted 
to 4-5 with sodium carbonate and the precipitated solid (containing mostly dibrominated 
products) was filtered off and discarded. The pH was subsequently raised to 9 and the 
precipitated product collected by filtration. Recrystallization from toluene gave 2-Amino-5- 
bromo-4-methylpyridine (76.3 g, 40 %). 



(b) 2-rA^,A^-bis(rerf-Butoxvcarbonvl)amino1-S-bromo-4>methvlpvridin 
2-Amino-5-bromo-4-methylpyridine (5.70 g, 30.5 mmol) in chloroform was treated with 
di-tert-butyl dicarbonate (20.0 g, 91.60 mmol) and DMAP (0.60 g, 4.91 mmol). The 
reaction mixture was left at ambient temperature overnight and was then concentrated 
under reduced pressure. Flash chromatography (hexane/EtOAc, 95:5) gave 2-fN,N-bis(tert* 
butoxycarbonyl)amino]-5-bromo-4-methylpyridin (8.02 g, 68 %). 

(c) 24AW-bis(rg^But oxvca^^ 
methvlpvridin 

A solution of 2-[A^A^-bis(^rNbutoxycarbonyl)amino]-5-bromo-4-methylpyridin (15.0 g, 
38.70 mmol), ^rf-butyl-dimethyl-tributylstannanylmethoxy-silane (25.4 g, 58.3 mmol), 
and bis(triphenylphosphine)palladium(n) dichloride (0.90 g, 1.42 mmol) in 1,2- 
dichloroethane (50 mL) was stirred at 90 °C for two days. The mixture was cooled to 0 °C 
and diethyl ether (200 mL) was added followed by saturated aqueous potassium fluoride 
(40 mL). The mixture was stirred vigourously for 30 min and filtered. The organic phase 
was washed with water, dried and concentrated under reduced pressure. Flash 
chromatography (hexane/EtOAc, 95:5) gave 2-[^ f iV-bis(^rr-butoxycarbonyl)amino]-5- 
(rerr-butyI-dimethyl-silanyloxymethyl)-4-methylpyridin (10.0 g, 57 %). 

(d) 2-rM^bisffgrr-buto xvcarbonvnamino1-5>hvdroxvmethvl-4-methvlpvridin 

Tetrabutylammonium fluoride (13.9 g, 44.1 mmol) was added to a solution of2-[N t N- 
bis(rm-butoxycarbonyl)amino>5-(te^ 

(10.0 g, 24.3 mmol) in THF (100 mL). The reaction mixture was stirred for 3 h at room 
temperature. Concentration under reduced pressure followed by flash chromatography 
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(hexane/EtOAc, 50:50) gave 2-[A/;iV-bis(re^^butoxyca^bonyl)amino]-5-hydroxymethyl-4- 
methylpyridin (5.0 g, 67 %). 

(e) 5-Bromomethvl-2-rMA^-bis(/err-butoxycarbonvl)amino1- 4-methyIpyridin 

5 Triphenylphosphine (4.69 g, 17.9 mmol) and CBr 4 (4.89 g, 14.8 mmol) was added to a 
solution of 2-[A^A^-bis(ferf-butoxycarbonyI)amino]-5-hydroxymethyl-4-methylpyridin 
(5.00 g, 22.0 mmol) in dichloromethane (130 mL) at 0 °C. The reaction mixture was stirred 
for 3 h and was then diluted with dichloromethane. The organic phase was washed with 
water, dried and concentrated under reduced pressure. Flash chromatography 
10 (hexane/EtOAc, 80:20) gave 5-bromomethyl-2-PV;iV r -bis(fe/t-butoxycarbonyl)amino]-4- 
methylpyridin (5.35 g, 90 %). 

(f) 2-(6-fiV.A^-bis( f fgrr-ButoxvcarbonvI > )aminol-4-methvl-pvridin-3-vlmethvl)- malonic acid 
diethyl ester 

is To a suspension of NaH (0.24 g, 6.0 mmol, 60%) in DMF (5 mL) was added diethyl 

malonate (0.91 mL, 6.0 mmol) and the mixture was stirred for 15 min. A solution 2-[7V;iV- 
bis(/err-butoxycarbonyl)amino]-5-bromomethyl-4-methyl-pyridin (2.0 g, 5.0 mmol) in 
DMF (5 mL) was added and the resulting solution stirred for 120 min at 60 °C. Ethyl 
acetate was added and the mixture was washed with water and brine and dried. After 

20 evaporation of the solvent, the crude product was purified by flash chromatography 
(CH3OH/CH2CI2, 1:100 ->1:20) to give a pure fraction 2-(6-[Ar,iV-bis(r*/t- 
butoxycarbonyI)amino]-4-methyl-pyridin-3-ylmethyl)-malonic acid diethyl ester (1.15 g, 
48 %) and an impure fraction 2-(6-[A^^-bis(^rr-butoxycarbonyl)amino]-4-methyl-pyridin- 
3-ylmethyl)-malonic acid diethyl ester (1.1 g). 

25 

(g) 2-(6-rA^,A^-bis(/erf-butoxvcarbonvDamino1-4-methvl-pvridin--3-vlmethvl)-malonic acid 
monoethvl ester 

A solution of KOH (141 mg, 2.52 mmol) in ethanol (2 mL) was added to a solution 2-(6- 
[7V,^V-bis(^rr-butoxycarbonyl)amino]-4-methyl-pyridin-3-ylmethyl)-maIonic acid diethyl 
30 ester (1 . 1 g, 2.29 mmol) in ethanol ( 10 mL) and methylene chloride (4 mL) at 0°C. The 
mixture was stirred for 18 h at room temperature. The mixture was concentrated under 
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reduced pressure and the residue dissolved in water. Ethyl acetate was added and the 
organic layer was washed with 0.5 M HC1, water, brine and dried. After filtration and 
concentration under reduced pressure gave crude 2-(6-[/V f iV-bis(ferr- 
butoxycarbonyl)amino]-4-methyl-pyridin-3-ylmethyl)-malonic acid monoethyl ester (1.0 g, 
5 97 % ). 

"«*» 

(h) 2-(6-rAr,AlbisterNbutoxvcar^^^ 
ethyl ester 

Diethylamine (0.26 g, 2.67 mmol) was added a mixture of 2-(6-[N,N'bis(tert~ 
io butoxycarbonyl)amino]-4-methyl-pyridin-3-ylmethyl)-malonic acid monoethyl ester ( 1 .0 g, 
2.2 mmol) and 37 % aq. solution of formaldehyde (0.24 g, 3.00 mmol) in methylene 
chloride (2 mL) at 0 °C. The mixture was stirred for 16 h at room temperature and ethyl 
acetate was added. The organic layer was washed with water and 5 % NaHCQ and dried. 
Concentration under reduced pressure followed by flash chromatography (toluene/ethyl 
is acetate, 3:1^1:1) gave 2-(6-[M^-bis(rerf-butoxycarbonyl)amino]-4-methyl-pyridin-3- 
ylmethyl)-acrylic acid ethyl ester (0.81 g, 88 %). 

(i) 2-AcetvlsulfanvlmethvI-3-(6-flv:^ 
ylVpropionic acid ethyl ester 

20 Triethyiamine (0.279 mL, 2.0 mmol) was added to a solution of 2-(6-t/V,7V-bis(rerf- 

butoxycarbonyl)amino]-4-methyl-pyridin-3-ylmethyl)-acrylic acid ethyl ester (0.8 g, 1.9 
mmol) in thioacetic acid (3 mL) at 0 °C. The mixture was stirred at room temperature for 
16 h. Ethyl acetate was added and the organic phase was washed with water, saturated 
NaHC0 3 and brine and dried. The crude product was purified by flash chromatography 

25 (toluene/ethyl acetate, 3:1 — > 1 :2) to give pure 2-acetylsulfanylmethyl-3-(6-pv;Ar-bis(^rf- 
butoxycarbonyl)amino]-5-methyl-pyridin-3-yl)-propionic acid ethyl ester (200 mg, 21 %) 
and slightly impure 2-acetylsulfanylmethylO-(6-^iV-bis(/e/t-butoxycarbonyl)amino]-4- 
methyl-pyridin-3-yl)-propionic acid ethyl ester (0.68 g). 



30 (j) 3-f6-Amino-4-methvl-pvridin-3-vn-2-mercaptomethvl-proDionicacid 
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2-AcetylsulfanyImethyI-3-(6-^^^ 

propionic acid ethyl ester (36 mg, 0.072 mmol) was dissolved in cone. HC1 (3.0 mL). The 
solution was heated to reflux for 1 h. Concentration under reduced pressure gave the title 
compound (18.7 mg, 98 %) as the hydrochloride salt. 

! H NMR (500 MHz, CD 3 OD): 5 2.42 (s, 3H), 2.72-2.95 (m, 5H), 6.81 (s, 1H), 7.58 (s, 1H). 
MS (+) 227 (M+l). 

Example 16 

2-Mercaptomethvl-3-piperidin-4-vl-butvric acid 

(a) 4-formvl-piperidine-l-carboxvlic acid rgrf-butvl ester 
Periodinane (26.9 g, 63.5 mmol) was added to a solution of 1-tert- 

butoxycarbonylpiperidine-4-methanol (10.5 g, 48.8 mmol) in methylene chloride (200 mL) 
and the mixture was stirred for 90 min. Diethyl ether was added and precipitates were 
removed by extraction with 10 % Na 2 S 2 03/saturated NaHC0 3 (1:1, 300 mL). The organic 
layer was washed with 0.5 M NaOH and brine, dried and concentrated under reduced 
pressure. Flash chromatography (hexane/EtOAc, 8:2) gave 4-formyl-piperidine-l- 
carboxylic acid rerf-butyl ester (8.5 g, 81 %). 

(b^ 2-n-rerr-Butoxvcarbonvl-piDeridin-4-vlmethvleneVmalonic acid dieth yl ester 
To a solution of diethyl malonate (710 [iL, 4.7 mmol) and 4-formyl-piperidine-l- 
carboxylic acid /erf-butyl ester (1.0 g, 4.7 mmol) in methylene chloride (5 mL) was added 
piperidine (46 \iU 0.47 mmol) and acetic acid (27 ^L, 0.47 mmol). The reaction mixture 
was stirred for 72 h at room temperature and then for 16 h at 45 °C. EtOAc was added and 
the mixture was washed with water and brine, dried and concentrated under reduced 
pressure. The crude was purified by flash chromatography (heptane/EtOAc, 3:1 — » 1:3) to 
give 2-(l-rerr-butoxycarbonyl-piperidin-4-ylmethylene)-malonic acid diethyl ester (0.69 g, 
40%). 

(c> 2-ri-(l-ferf-Butoxvcarbonvl-piperidin-4-vn-ethvn-malonic acid diethyl ester 
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MeLi (5.34 mL, 8.54 mmol, 1 .6 M in diethyl ether) was added dropwise to a slurry of Cul 
(0.74 g, 3.88 mmol) in THF (5 mL) at -78 °C under argon and the mixture was stirred for 
30 min. A solution of 2-(l-^rt-butoxycarbonyl-piperidin-4-ylmethylene)-malonic acid 
diethyl ester (0.69 g, 1.94 mmol) in THF (5 mL) was added dropwise and the reacton 
mixture was stirred for 120 min at -78 °C and was then allowed to warm to room 
temperature during 60 min. Concentrated aqueous NH»OH was added and the mixture was 
then extracted with EtOAc, washed with concentrated aqueous NH4OH and brine, dried 
and concentrated under reduced pressure. The crude was purified by flash chromatography 
(heptane/EtOAc, 3:1 1:6) to give 2-[l-(l-/ e rf-butoxycarbonyl-piperidin-4-yl)-ethyl]- 
malonic acid diethyl ester (0.39 g, 54 %). 

ffl , fl f ,_,.,>: B ,,tnv y n a rhonvl- n i D eri ^n.d- Yn-^hvn- m alonir acid monoethyl ester 
A solution of KOH (84 mg, 1.16 mmol) in EtOH (2 mL) was added dropwise to a solution 
of 2-[l-(l-«rr-butoxycarbonyl-piperidin-4-yl)^thyl]-malonic acid diethyl ester (0.39 g, 
1 01 mmol) in methylene chloride (4 mL) and EtOH (10 mL) at 0 °C. The resulting mixture 
was stirred at room temperature over night. EtOAc was added and the mixture was washed 
with 0.5 M HC1 and brine, dried and concentrated under reduced pressure to give 416 mg 
of crude 2-[l-(l-rerr-butoxycarbonyl-piperidin-4-yl)-ethyl]-malonic acid monoethyl ester. 

^ , r - C >h»v y r a rh. n vl-1. m ethvl-all Y ')-r i r ridine - 1 - carboxvlir ""rittrt-butyl ester 
Formaldehyde (132 mg, 1.65 mmol, 37 % in water) was added to a solution of of crude 2- 
[l-(l- te rt-butoxycarbonyl-piperidin-4-yl)-ethyl]-malonic acid monoethyl ester (416 mg) in 
methylene chloride (2 mL) at 0 "C. Diethylamine (153 uL, 1.47 mmol) was added dropwise 
and the mixture was stirred at room temperature over night. EtOAc was added and the 
mixture was washed with water and saturated NaHCOa, dried and concentrated under 
reduced pressure. The crude was purified by flash chromatography (toluene/EtOAc, 3:1) to 
give 4-(2-ethoxycarbonyl-l-methyl-allyl)-piperidine-l-carboxylic acidfert-butyl ester (0.18 

g, 49 % over two steps). 
terf-butvl ester 
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TEA (86 jiL, 0.617 mmol) was added to a solution of 4-(2-ethoxycarbonyH -methyl-ally 1)- 
piperidine-l-carboxylic acid tert-butyl ester (0.18 g, 0.59 mmol) in thioacetic acid (2 mL) 
at 0 °C. After stirring for 6 h more thioacetic acid (2 mL) was added and the mixture was 
stirred at 45 °C over night. EtOAc was added and the mixture was washed with water, 
5 saturated NaHCC>3 and brine, dried and concentrated under reduced pressure. . The crude 
was purified by flash chromatography (toluene/EtOAc, 5:1 — » 1:1) to slightly unpure 4-(3- 
acetylsulf anyl-2-e thoxycarbonyl- 1 -methy 1-propy l)-piperidine- 1 -carboxy lie acidrm-buty 1 
ester (0.17 g, 75 %). 

i o (g) 2-Acetvlsulfanvlmethvl-3-piperidin-4-vl-butvric acid ethvl ester 

TFA (2 mL) was added to a solution of 4-(3-acetylsulfanyl-2-ethoxycarbonyl-l-methyl- 
propyI)-piperidine-l -carboxy lie acid terf-butyl ester (0.17 g, 0.439 mmol) in methylene 
chloride (10 mL). The reaction was stirred for 90 min and concentrated under reduced 
pressure. The crude product was purified using HPLC (10 -» 50 % acetonitrile in water, 

is 0.1 % TFA) to give 2-acetylsulfanylmethyI-3-piperidin-4-yI-butyric acid ethyl ester (101 
mg, 54 %) as the TFA salt. 

(h) 2-Mercaptomethyl-3-piperidin-4-yl-butyric acid 

Cone, hydrochloric acid (4 mL) was added to 2-acetylsulfanylmethyl-3-piperidin-4-yl- 
20 butyric acid ethyl ester TFA salt (0.101 g, 0.252 mmol) under argon. The reaction was 
heated to reflux for 5 h and then concentrated under reduced pressure to give a 
diastereomeric mixture of the title compound (73.7 mg) as the hydrochloride salt. 
] H NMR (500 MHz, CD 3 OD) for the major diastereomer: 8 1. 10 (d, 3H), 1.36-1.58 (m, 
2H), 1.71-1.78 (m, 2H), 1.93-1.99 (m, 1H), 2.05-2.11 (m, 1H), 2.60-2.66 (m, 2H), 2.80- 
25 2.86 (m, 1H), 2.94-3.02 (m, 2H), 3.38-3.45 (M, 2H). 
MS (+)218(M+1). 

Example 17 

3-f6-Amino-pvridin-3-vl)-2-mercaptomethvl-butvric acid 
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(a^ f5-formvl-pvridin-2-vl)-carbamic acidterf-butvl ester 

(5-hydroxymethyl-pyridin-2-yI)-carbamic acid ferf-butyl ester (7.00 g, 31.2 mmol) was 
dissolved in dry DMSO (50 mL) and the reaction flask immersed in a waterbath at 15 °C. 
TEA (13.1 ml, 94.0 mmol) was added, followed by sulfur trioxide pyridine complex (15.0 
s g, 94.0 mmol) in portions. The reaction mixture was stirred for further 45 min and poured 
onto crushed ice. The product was extracted with diethyl ether and the combined organic 
extracts were washed with brine, dried and concentrated under reduced pressure. 
Recrystallisation from hexane/CH 2 Cl 2 afforded (5-formyl-pyridin-2-yl)-carbamic acid tert- 
butyl ester (5.40 g, 78 %) as white crystals. 

10 

(b^ 2-(6-rgrr-Butoxvcarbonvlamino-Pvridin-3-vlmethvleneVmalonic acid diethyl ester 
To a solution of diethyl malonate (710 jiL, 4.7 mmol) and (5-formyI-pyridin-2-yi)- 
carbamic acid rm-butyl ester (1.04 g, 4.7 mmol) in methylene chloride/DMF (1:1,5 mL) 
was added piperidine (46 (XL, 0.47 mmol) and acetic acid (27 pL, 0.47 mmol). The reaction 
is mixture was stirred for 72 h at room temperature and then for 16 h at 45 °C. Heptane was 
added slowly to give 2-(6-reAt-butoxycarbonylamino-pyridin-3-ylmethylene)-malonic acid 
diethyl ester (0.69 g, 40 %) as grey crystalls. 

(c) 2-ri-(6-rerr-Butoxvcarbonvlamino-pyridin-3-vl)-ethvl1-malon ic acid diethyl ester 
20 MeLi (6.5 mL, 10.4 mmol, 1 .6 M in diethyl ether) was added dropwise to a slurry of Cul 
(0.9 g, 4.73 mmol) in THF (28 mL) at -78 °C under argon. The reaction mixture was stirred 
for 30 min. A solution of 2-(6-rerf-butoxycarbonylamino-pyridin-3-ylmethylene)-malonic 
acid diethyl ester (0.84 g, 2.3 mmol) in THF (7 mL) was added dropwise and the reaction 
was stirred for 180 min at -78 °C. Saturated aqueous NH4OH was added dropwise and the 
25 mixture was extracted with EtOAc. The organic phase was washed with saturated aqueous 
NH4OH and NaCl, dried and concentrated under reduced pressure. Flash chromatography 
(toluene/EtOAc, 3:1 -» 1:6) gave 2-[l-(6-/err-butoxycarbonylamino-pyridin-3-yl)-ethyl]- 
malonic acid diethyl ester (0.723 g, 82.4 %) as a white solid. 



30 (d) 2-n-(6-fgrf-Butoxvcarbonvlamino-pvridin-3-vl)-ethvn-malonic acid monoethvl ester 
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A solution of KOH (1 13.6 mg, 2.04 mmol) in EtOH (2 mL) was added dropwise to a 
solution of 2-[l-(6-^rr-butoxycarbonylamino-pyridin-3-yl)-ethyl]-malonic acid diethyl 
ester ( 0.7 g, 1.84 mmol) in methylene chloride (4 mL) and EtOH (10 mL) at 0 °C under 
argon and the reaction mixture was stirred over night. 1M KOH (100 mL) was added and 
the mixture was washed with methylene chloride. The aqueous phase was acidified to pH 2 
using 2 M HC1 and extracted with EtOAc. The organic phase was dried and concentrated 
under reduced pressure to give the crude 2-[l-(6-ferr-butoxycarbonylamino-pyridin-3-yl)- 
ethylj-malonic acid monoethyl ester (423 mg, 65 %). 

(e) 2-ri-(6-/grr-Butoxvcarbonvlamino-pvridin-3-vl>-ethvll-acrvlic acid ethyl ester 
Diethylamine (0.153 mL, 1.473 mmol) was added to a solution of 2-[l-(6rterr- 
butoxycarbonylamino-pyridin-3-yl)-ethyl]-malonic acid monoethyl ester (423 mg, 1.2 
mmol) and formaldehyde (132 mg, 1.626 mmol, 36 % in water) in methylene chloride (2 
mL) at 0 °C under argon. The mixture was stirred at room temperature over night. EtOAc 
was added and the solution was washed with water, NaHC03 and brine, dried and 
concentrated under reduced pressure. Flash chromatography (toluene/EtOAc, 3:1) gave 2- 
[l-(6-rerr-butoxycarbonylamino-pyridin-3-yl)-ethyl]-acrylic acid ethyl ester (158 mg, 41 
%). 

(f) 2-AcetvlsulfanvImethvlO-(6^erf-butoxvcarbonvlamino-pvridin-3-vn-butvric acid ethvl 
ester 

TEA (0.076 mL, 0.542 mmol) was added to a solution of 2-[l-(6-rerr- 
butoxycarbonylamino-pyridin-3-yl)-ethyI]-acrylic acid ethyl ester (158 mg, 0.493 mmol) in 
thioacetic acid (2 mL) at 0 °C under argon. The mixture was stirred at 45 °C over night. 
EtOAc was added and the solution was washed with NaHCX>3 and brine, dried and 
concentrated under reduced pressure. Flash chromatography (toluene/EtOAc, 5:1 — > 1:1) 
gave slightly unpure 2-acetylsuIfanylmethyl-3-(6^rt-butoxycarbonylamino-pyridin-3-yl)- 
butyric acid ethyl ester (178 mg, 91 %). 

(g) 2-Acetvlsulfanvlmethvl-3-(6-amino-pvridin-3-vn-butvric acid ethvl ester 
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TFA (2 mL) was added to a solution of 2-acetylsulfanyl m ethyl-3-(^«- 
butoxycarbonylanuno-pyndin-3-yD-butync acid ethyl ester (178 mg, 0.449 mmol) in 
methylene chloride (2 mL). The nature was stirred for 60 min and concentrated under 
reduced pressure. Flash chromatography (toluene/ EtOAc, 1:6) gave unpure * 
^i^yIa^l.3K6^ B o^-3^0^ acid ethyl ester (176 mg 95 %) 
Further purification by HPLC (10 -» 70 % acetonitrile in water, 0.1 % TFA) gave 2 

acety.sulfany,methyl-3-(6-arnino-pynd^ acid ethyl ester (1M 5fi 

the TFA salt. 



'° (h) 3 :f6-Amino-pyridin-3-vl^-7- m< . r . !T toniethvl . h „ tvr;r „ iA 

Cone, hydrochloric acid (4 mL) was added to 2-acetylsulfanylmethy 1.3-(6-ami n o- P yridin-3- 
yD-butyric acid ethyl ester (104 mg, 0.253 mmol) under argon. The reaction was heated to 
reflux for 5 h and then concentrated under reduced pressure to give a diastereomeric 
mixture of the title compound (61 mg, 92 %) as the hydrochloride salt. 
> 'H NMR (500 MHz, D 2 0) for the major diastereomer: 5 1.26 (d, 3H), 2.49-2 53 (m 2H) 
2.64-2.77 (m, 1H), 2.95-3.02 (m, 1H), 7.02 (d, 1H), 7.69 (d, 1H), 7.88 (m, 1H) 
MS(+)227(M+1). 



Example 18 

20 3 -f 6 -Amino-pvridin-3-vn-7. m< ,^ T , omethv ,. hlltY r , Vg .. H 

(a) (5-Bromo-6-methvl-p V rir1in 2-vlW a rh am; . ^A tert . hu ^ ^ 
5-Bromo-6-memyl- P yridin-2-ylarnin e (25.0 g, 133.7 mmol) in THF/tert-butanol (M0 550 
mL) was treated with di-tert-butyl dicarbonate (39.3 g, 180.0 mmol) and DMAP (2 40 g 
25 19.6 mmol). The reaction mixture was stirred for 4 h at 40 °C and concentrated under ' 
reduced pressure. Flash chromatography (methylene chloride) gave (5-bromo-6-methyl- 
pyndin-2-yl)-carbamic acidrerf-butyl ester (17.0 g, 44 %). 

3 ° butyl ester 



H 2156-1 SE 




10 



53 

A solution of (5-bromo-6-methyl-pyridin-2-yl)-carbamic acidrm-butyl ester (27.5 g, 95.8 
mmol), ^-butyl-dimethyl-tributylstannanylmethoxy-silane (43.5 g, 100.2 mmol), and 
bis(triph e nylphosphine)pall a dium(n) dichloride (1.00 g, 1.40 mmol) in 1 ,2-dichloroethane 
(350 mL) was stirred at reflux for 48 h. Additional bis(triph e nylphosphine) pa lladium(n) 
dichloride (1.00 g, 1.40 mmol) was added every 12 h. The mixture was cooled to 0 «C and 
diethyl ether (300 mL) was added followed by saturated aqueous potassium fluoride (100 
mL). The mixture was stirred vigorously for 60 min and filtered. The organic phase was 
washed with water, dried and concentrated under reduced pressure. Hash chromatography 
(MeOH/CH 2 CI 2 , 1:99) gave [5</m-butyl-dimethyI-silanyloxymethyl)-6-methyl-pyridin-2- 
yl]-carbamic acid rm-butyl ester ( 1 5 g, 47 %). 



(c) (5-Hvdroxvmethvl-6-methv1-nvrirf,n.9. Y i^ arbamir ^.h^.n.^, ^ r 

Tetrabutylammonium fluoride (19.6 g, 62.4 mmol) was added to a solution of [5-{tert. 

butyl-dimemyl-silanyloxyme^ 
.5 (10.5 g, 31.23 mmol) in THF (100 mL) and stirred at room temperature overnight. Water 
was added and the product extracted with chloroform. The organic phase was dried and 
concentrated under reduced pressure. Flash chromatography (MeOH/CffcCl 2 , 2.5:77.5) 
gave (5-hydroxymethyl-6-methyl-pyridin-2-yl)-carbamic acidrm-butyl ester (6 0 g 81 

20 

(d) 5-Bromomethyl-?-f^ /y-bisr/^-hnrnvY^r Honvn^.^^p ^^^^ 
Triphenylphosphine (9.83 g, 37.5 mmol) and CBr 4 (17.7 g, 53.5 mmol) was added to a 
solution of (S-hydroxymethyl-e-methyl-pyridin^-ylKarbarnic acidrm-butyl ester (8.50 g 
35.7 mmol) in dichloromethane (30 mL) at 0 °C. The reaction mixture was stirred for 3 h at 
* room temperature and was then diluted with dichloromethane. The organic phase was 

washed with water, dried and concentrated under reduced pressure. Flash chromatography 

(CH 2 C1 2 ) gave S-bromomethyl^-fMAr-bis^rr-butoxycarbonyOaminoJ-pyrimidin (4 05 g 
38%). ' 
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A solution of diethyl malonate (1.21 mL, 7.97 mmol) in DMF (2 mL) was added dropwise 

to a suspention of NaH (348 mg, 7.97 mmol, 55 % in mineral oil) in DMF (5 mL) at 0 °C 

under argon. The reaction mixture was stirred for 45 min and a solution of (5- 

bromomethyl-6-methyl-pyridin-2-yl)-carbamic acid /erf-butyl ester (2.0 g, 6.64 mmol) in 

5 DMF (5 mL) was added dropwise. The mixture was stirred over night (0 °C -» 20 °C). 

EtOAc was added and the solution was washed with water and brine, dried and 

concentrated under reduced pressure. Flash chromatography (heptane/EtOAc, 4:1) gave 2- 

(6-^rr-butoxycarbonylamino-2-methyl-pyridin-3-ylmethyl)-malonic acid diethyl ester (1.87 
g,74%). 

0 

(f) 2-(6-rerf-Butoxvcarbonvlamino-2. methvl-pvridin-3-vlmethvlVmalonic acid monoethvl 
ester 

A solution of KOH (300 mg f 5.35 mmol) in EtOH (4 mL) was added to a solution of 2-(6- 
^rr-butoxycarbonylamino-2-methyl-pyridin-3-ylmethyl)-malonic acid diethyl ester (1.85 g, 
4.86 mmol) in EtOH/methylene chloride (2: 1, 21 mL) at 0 °C. The mixture was stirred for 
40 h at room temperature and EtOAc was added. The mixture was washed with 0.5 M HC1 
and brine, dried and concentrated under reduced pressure to give crude 2-(6-fert- 
butoxycarbonylamino-2-methyI-pyridin-3-ylmethyl)-malonic acid monoethyl ester (1.45 g). 

(g) 2-(6-fgrr-Butoxvcarbonvlamino-2-m ethvl-pvridin-3-vlmethvn-acrvlic acid ethvl ester 
Diethylamine (359 mg, 4.90 mmol) was added dropwise to a solution of 2-(6-rm- 
butoxycarbonylamino-2-methyl-pyridin-3-ylmethyl)-malonic acid monoethyl ester (1.44 g, 
4.09 mmol) and formaldehyde (464 mg, 5.72 mmol, 37 % in water) in methylene chloride 
(35 mL) at 0 °C under argon. The mixture was stirred at room temperature over night. 
Methylene chloride was added and the solution was washed with NajCCb and brine, dried 
and concentrated under reduced pressure to give 2-(6^r/-butoxycarbonylamino-2-methyl- 
pyridin-3-ylmethyl)-acrylic acid ethyl ester (1.03 g, 79 %). 



(h) 2-AcetyIsulfanylmethvl-3-r6^^ 
30 propionic acid ethvl ester 
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TEA (0.556 mL, 3.99 mmol) was added to a solution of 2-(6-terr-butoxycarbonylamino-2- 

methyl-pyridin-3-ylmethyl)-acrylic acid ethyl ester (1.23 g, 3.84 mmol) in thioacetic acid 

(10 mL) at 0 °C under argon. The mixture was stirred at room temperature for 64 h. EtOAc 

was added and the solution was washed with Na 2 C0 3 and brine, dried and concentrated 

5 under reduced pressure. Flash chromatography (toluene/EtOAc, 5:1 — > 1:1) gave 2- 

acetylsuIfanylmethyl-3-(6^/t-butoxycarbonylamino-2-methyl-pyridin-3-yl)-propionic acid 
ethyl ester (1.33 g, 87 %). 

(i) 3-f6-Amin o-2-methvl-pvridin-3-vlV2-mercaptomethvl-propionic acid 
io Cone, hydrochloric acid (2 mL) was added to 2-acetylsulfanylmethyl-3-(6-rerr- 

butoxycarbonylamino-2-methyl-pyridin-3-yl)-propionic acid ethyl ester (77 mg, 0.19 
mmol) under argon. The reaction was heated to reflux for 1 10 min and was then 
concentrated under reduced pressure to give the title compound (39 mg, 76 %) as the 
hydrochloride salt. 

15 ! H NMR (500 MHz, D 2 0): 5 2.49 (s, 3H), 2.73-2.92 (m, 5H), 6.81 (d, 1H), 7.77 (d, 1H). 
MS (+) 227 (M+l). 

Example 19 

2-Acetvlsulfan vlmethvl-3-(2-amino-pvrimidin-5-vl)-propionic acid ethvl ester 

20 

(a) 2-rA^.7V-bis (rgrf-Butoxvcarbonvl)amino1-5-bromopvrimidin 

2-Amino-5-bromopyrimidine (9.00 g, 51.7 mmol) in THF/tert-butanol (1:1, 100 mL) was 
treated with di-tert-butyl dicarbonate (34.0 g, 156.0 mmol) and DMAP (3.00 g, 24.5 
mmol). The reaction mixture was left at ambient temperature overnight and concentrated 
25 under reduced pressure. The residue was partitioned between dichloromethane and water 
and pH was adjusted to 4 with 1 M HC1. The solution was extracted with dichloromethane, 
dried and concentrated under reduced pressure. The crude product was suspended in 
hexane and filtered to yield 2-[A^A^-bis(rerr-butoxycarbonyl)amino]-5-bromopyrimidin 
(15.0 g, 77%). 



30 
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pvrimidin 

A solution of 2-WA/-bis(f^butoxycarbonyl)amino]-5-bromopyrimidin (16.0 g. 45.0 
mmol), ^«-butyl-dimethyl-tributylstannanylmethoxy-silane (20.5 g, 47.1 mmol), and 
s bis(triphenylph 0 sphine)pal]adium(ID dichloride (1.00 g, 1.40 mmol) in 1,2-dichloroethane 
(50 mL) was stared at reflux overnight. Additional bis(triphenylphosphine)palladium(II) 
dichloride (1.00 g, 1.40 mmol) was added and the solution was refluxed for 8 h. The 
mixture was cooled to 0 °C and diethyl ether (200 mL) was added followed by saturated 
aqueous potassium fluoride (50 mL). The mixture was stirred vigorously for 60 min and 
.o filtered. The organic phase was washed with water, dried and concentrated under reduced 
pressure. Flash chromatography (MeOH/CffcClj, 1:99) gave 2-[^-bis(tert- 
butoxy Ca rbonyl)arnino]-5-(/m-butyl-dimethyl-silanyloxymethyl)-pyrmudin (10.2 g, 55 %). 

(c)2-fAr,Ar-bisrrm-R„toyvrarbonvl^minnl.s.h Y droxvmethvl . p Ynm; H in 

.5 Tetrabutylammonium fluoride (15.3 g, 48.6 mmol) was added to a solution of 2-[N,N- 
bis(,m-butoxycarbonyl^^ 

g, 24.3 mmol) in THF (100 mL) and stirred at room temperature overnight. Water was 
added and the product extracted with chloroform. The organic phase was dried and 
concentrated under reduced pressure. Flash chromatography (MeOH/CH>Cl 2 , 2.5:77.5) 
20 gave 2 Wbis(,m^ (4 2Q g ( 53 %) 

(d) 5-Bromomethy1-?-ry y. hi < (t m -buta^r a r^ n y ^ inn} . nvrimiliin 
Triphenylphosphine (2.71 g, 10.73 mmol) and CBr. (4.89 g, 14.8 mmol) was added to a 
solution of 2-WAr-bis(rm-b U toxycarbonyI)amino]-5-hydr 0 xymemyl-pyrimidin (3.20 g, 
25 9.83 mmol) in dichloromethane (30 mL) at 0 °C. The reaction mixture was stirred for 1 h 
and was then diluted with dichloromethane. The organic phase was washed with water, 
dried and concentrated under reduced pressure. Flash chromatography (C^Cl,) gave 5- 
bromomethyl-2-WA^^^^ (2 55 ^ g? %) 

M W ^-^^■^^^Butoxycarhonynaminol-ovrirnidin^.v.^Hy . Vmatnni> ariH H; „, hy , 



ester 
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10 



15 



20 



A s o.ution of diethyl — (0.704 mL. 4.64 mmol, in DMF (2 mL, was added ^dropwise 
1 7 1— o< NaH (200 mg. 4.64 mmo,, 55 % in mineral oi„ in DMF (4 mL, at 0 C 
toasuspention « „ imd fo r 30 nun and a solution of 5-bromomethyl- 

under argon. The reaction mtxture was stirred for 30 rnt „ 
2 . WW -bis(, e «-but„xycarbo„yl)ami„ol-pyr.m.d,n (1.5 g, 3.86 nun , 
^ed dropwise. The mixture was stirred a, room temperature for 3 h. EtOAc was ad 

solution was washedwith water and hrine, dried and concentred under reduced 

pressure. Rash chromatography (heptane^Ac. 3:2, gave WW"""** 
Loxycarhonyi^pyrimidin^dtyivmalonic acid diethyl ester (0.S7 g. 40 *, 

yiin.irlin 5 v irr^Y'V malonic acid 



(fi ? p_r^ v.hi^fgrt-b "*"VY carbonvl ' >aminQl 

ffl2Qoettoiester n- p,nHUrnL> was added to a solution of 2-(2- 

A solution of KOH (106 mg, 1.88 mmol) in EtOH (2 mL) was ac 

- , ■ Ai n s vlmethvD-malonic acid diethyl ester 
lW-bis(^butoxycar^^ 

<08 0 g. .7, mmoi, in EtOH/methylene chlor.de (2:., 12 mL >*0C^ 

stirred for ,6 h a, room temperature and EtOAc was adde* The «~ ~ 

0 5 M HC, and btine. dried and concentrated under reduced pressure to gtve 2 (2 K» 

. , : Hi „ s vlmethvB-malonic acid monoethyl ester (0.67 
bis(ttrl-butoxycarbonyl)amino]-pynmidm-5-ylmemyi)m 

g.89%). 

u -^f-T .H^vnanuno^in^^ 

famine (0.124 mL. 1.69 mmol) was added dropwise to a solution of 2<2-[W- 
o^lbutoxycarbony^no^^ 

r 4> lol and formaldehyde (.60 mg. ,0 mmo,. 37 . in water, in methylene chlonde 
n 5 mL, a, 0 »C under argon. The mixture was stirred a. room temperantre over mght. 

concentrated under rrfuced pressure to give crude WW**«~ 
hutoxycarhonyDamM-pyrimidin-S-ylmethy^acryUc actd ethy. ester (0.54 g. %>• 

„ (h ,2^ fl vJ Sa!&B y Jr ^^ 

pmpi™^ * rid ethvl ester 



25 



i 
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in.^acid.B^a.O-C under ^n.Th.^rew.s.W^ 
— « for 40 h. EtOAc was added and the solution was washed wuh Na.CO, and 
brine, dried and concentred under reduced pressure. Hash chromatography 
(heptane/BOAc. 5:1 - 1:1) gave J-acetyUulfan^thyM-d-^bisO- 
butoxycarbonyOanunol-pyrinudin-S-ylJ-propionic acid ethyl es.er(0.56 g, 89 %). 

„ (1 3 mL> was added to a solution of ^IsultoyimeU.yl-^-^W""- 
Jycarh.y.^py^^ 

m ,J,e„ech,ori^(1.5*.Tne re acuonwassdrredforl20rnina„dconcen m ted»nder 

re d„cedp rc ssure,ogi»ed«„Ueco,„pon„d<172n,g,94%,astheT F Asa,, 

• H NMR (500 Mfe CD.OD): 5 1.22 (, 3H), 2.35 (s. 3H), 2.80-3.00 (m, 3H), 3.00-3.22 

(m,2H), 4.13 <q,2H), 8.43 (s.2H). 

MS(+)284(M+1). 
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CLAIMS 

1. A compound of formula I 



10 



15 



"6 



R r Het-R, 

XRi CD 

I 

R 4 



20 



Rj represents H, OH, halogen, C\-C$ alkyl, M 6 
SH och N(R 8 )2 . or COQ-C6 alkyl, 

oranycarboxylicacidisostere, 

c« c rn r. C* alkyl S-CO-alkylaryl or S-CO-aryl, 
R4 represents SH, S-CO- C, C 6 alkyl. ^ 
R 5 represents H. OH, halogen, Cl -C 6 alkyl, CrCealkylaryl, , 

SH och N(Rg) 2 , or CO-Ci-Ce alkyl, 

Rg represents H, OH, halogen, C1-C6 alkyl, Q~*--6 alkylaryl, C1-C6 alkoxy, 

SH och N(R 8 )2, or CO-CrQ, alkyl. 

R 7 represents H, or Cl -C 6 alkyl, Q-Q, alkylaryl, or aryl, 

R 8 represents H or Q-Q, alkyl, 

X represents O, S, QZh. N«). NR«CO or CONRs. 

Y represents CH2, or CH(Z), 

z repress H. C-Q ^r. or «V* *^ - contajntag ^ 

least one nitrogen, oxygen or sulphur atom or a 4 , , 
5 carbocyclic group. 
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compound according to claim 1 , or a pharmaceutically acceptable salt thereof, 



2. A 
wherein 



Ri represents H, OH, NH2, cyano, NO2, SH, halogen, C1-C6 alkyl, or Ci-C6 alkoxy 
R 2 represents H, OH, halogen, or C,-C 6 alkyl, 
R 3 represents COOR7, 

R. represents SH, S-CO-C.-C* alkyl, S-CO-alkylaxyl or S-CO-aryl. 

R5 represents H, OH, NH2, cyano, NO2, SH, halogen, Ci-Q, alkyl, or ^'"^ 6 ^oxY' 

r! repre sentsH,OH,NH 2 ,cyano.N0 2 ,SH, halogen, C,-C 6 alkyl, or C.-Q alkoxy, 

R 7 represents H, C-C* alkyl, C-C 6 alkylaryl or aryl, 
X represents O, S, C(Z>2, N(Z), CONH or NHCO, 
Y represents CH2 or CH(Z), 
Z represents H, C-C, «Jkyl or Ci-C alkylaryl and 

« ta. one nitrogen, otygen or sulfur atom or a 4-. 5- or umbered _ o, 

alifatic carbocyclic group. 

3. A compound according . claim 1, or a phan„ace»ticai.y acceptable sal. thereof, 

wherein 

Rl represents H. OH, NH 2 , halogen, C-C* alkyl, or C.-Q alkoxy, 
R 2 represents H, OH, halogen, or C-Q alkyl, 
R3 represents COOR7, 

R, represents SH, S-CO-C r C 6 alkyl, S-CO-alkylaryl or S-CO-aryl, 
R 5 represents H, OH, NH 2 , halogen, C.-Q alkyl, or Q-Q alkoxy, 
r, represents H, OH. NH 2 , halogen, C.-Q alkyl, or C.-Q alkoxy, 
R 7 represents H, C r C 6 alkyl, C-C* alkylaryl or aryl, 
X represents O, S, CH 2 or NH, 
Y represents CHi and 

He, represents . 4-, 5- or o-membered aromaUc or alifaue heterocyclic group ~ 
atleastone nitrogen atomor a 4-. 5- 0,6-memoered aromatic or alifatic caroccyCc 
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group. 

A compound ,ccordin 8 » ..aim ., or a pnarmaceuUcaU,, accept sa>, hereof. 

wherein 

R, represents H, NH 2 , halogen, or d-Q alkyl, 

R 2 represents H, or 0-C 6 alkyl, 

R 3 represents COOR7, 

R4 represents SH, or S-CO-d-d> alkyl, 

R 5 represents H, NH 2 , halogen, or d-d> alkyl, 

R6 represents H, NH 2 , halogen, or d-d alkyl, 

R 7 represents H, or d-d alkyl, 

X represents CH 2 , 

group. 

5 . A compound according «o Cairn . . or a pharmacy accept salt .hereof. 

wherein 

R, represents H, NH 2 , halogen, or C1-C6 alkyl, 

R 2 represents H, or d-d alkyl, 

R3 represents COOR7, 

R4 represents SH, or S-CO-d-d alkyl, 

R 5 represents H, NH 2 , halogen, or d-d alkyl, 

R6 represents H, NH 2 , halogen, or d-d alkyl, 

R 7 represents H, or d-d alkyl, 

X represents CH 2 , 

Y represents CHz and 

Het represents pyridyl or piperidinyl. 



I * \ 5 wherein 

R t ,R4,R5.R6' R - YandHet 
X is CH 2 , comprising the step of; 

.actingacompoundoffonnulaVI 



10 



^6 
I 

5C 



VI 



'*7 



„herci»Rl• R S• R&R, • 
comt «,ndof*efon.ul»K 



H^A C Bz,PMB°' Bn - a "" ,eMi " ,1,e 

.actingacompoundoffonnulaXIV 



H 2156-1 SB 
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R— IjLet-R, 

x^/R, n xiv 



, wherein R„ R* R 5 . R6- *?• and Het, are as 
or N(Z), with a compound of the formula DC 



R /SH DC 



R7 

defined in claim 1 and X is O, S. CH 2 , NH 



wherin Rs is a suitable protecting group, such as Ac or Bz, in the presence of suitable 
reagents, such as PPh3/DIAD. 

R, !«**.*.««. and He, are* defined fccU. 1 andX.NHCO, 
comprising the step of; 

, 5 reacting a compound of formula XV 

H ^X^o xv 



20 



R.HetCOOH XVI 
I 



R 6 



wherein R„ R, R* and Het are as defined in claim 1 , in the presence of suitable 



H 2156-1 SE 
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coupling reagents, such as PyBOP/DIPEA, DCC/HOBt or EDC/TEA/DMAP. 

9. A pharmaceutical formulation containing a compound according to any one of claims 1 
to 5 as active ingredient in combination with a pharmaceutical^ acceptable diluent or 

5 carrier. 

10. Use of a compound according to any one of claims 1 to 5 in therapy. 

1 1 .Use of a compound according to any one of claims 1 to 5 for the manufacture of a 
io medicament for the inhibition of carboxypeptidase U. 

12. A method for treatment or prophylaxis of conditions associated with inhibition of 
carboxypeptidase U, comprising administering to a mammal, including man, in need of 
such treatment an effective amount of a compound as defined in any of claims 1-5. 

15 

13. A pharmaceutical formulation for use in the treatment or prophylaxis of conditions 
associated with inhibition of carboxypeptidase U, comprising a compound as defined in 
any of claims 1-5 in combination with a pharmaceutically acceptable carrier or diluent. 



! 
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ABSTRACT 

The present invention reiates to compounds of the formuia 0) . and phannaceuticaUy 
L,LpLble salts thereof which inhibit carboiypeptidase U and thus can be ^ ™ ^ 
prevention and — of diseases associaud with carboxypepttdase 0. * 

— * - — <° Phan " aCeU,iCa ' " " 0nS ,T1 as 
1 o e compound of the invention, or a pharmaceutic,* accept sain he«of, as 

ingreOienf. and to the use of the ac*ve compounds in the manufacture 
medicaments for the medical use indicated above. 



R r Het-R, 

X R, (1) 

R4 



